Shore platform classification of central-southern NSW in relation to morphological variability and risk of drowning by Laker, Callum H
University of Wollongong 
Research Online 
Faculty of Science, Medicine & Health - Honours 
Theses University of Wollongong Thesis Collections 
2016 
Shore platform classification of central-southern NSW in relation to 
morphological variability and risk of drowning 
Callum H. Laker 
Follow this and additional works at: https://ro.uow.edu.au/thsci 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Laker, Callum H., Shore platform classification of central-southern NSW in relation to morphological 
variability and risk of drowning, BSci Hons, School of Earth & Environmental Science, University of 
Wollongong, 2016. 
https://ro.uow.edu.au/thsci/123 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
Shore platform classification of central-southern NSW in relation to 
morphological variability and risk of drowning 
Abstract 
Rocky coasts account for approximately 40% of the Australian coast, with some of the best examples of 
shore platforms found along the south-eastern coastline of NSW. The processes by which these have 
formed have been debated for centuries, with opposing views existing on morphology and whether they 
are contemporary or inherited landforms. Researchers have long considered wave erosion as the major 
determinant, however, subaerial weathering processes have also been proposed. Australian residents and 
tourists congregate to the coast for a variety of recreational activities, and increasingly it is being 
recognised that there are significant levels of risk involved with these rocky coast landforms. Royal 
Lifesaving Australia reports that 126 people have drowned in rocky coast settings in the past seven years, 
with the large majority of drownings being rock fishermen. A stretch of coastline in the Central Coast 
region has recorded 16 incidences of drowning within 8 years, suggesting that some coastlines pose 
higher levels of risk than others and that rocky coasts clearly present a challenge to coastal managers in 
terms of safety and classifying risk. Research of beach systems allowed Surf Lifesaving Australia to 
successfully implement a Safety and Management Plan for Australia (ABSAMP), which relies on a 
thorough understanding of beach morphodynamics. It has recently been proposed that a similar 
approach could be applied to rocky coasts, as the interactions between platforms of variable morphology 
and wave energy incur different levels of risk. This study focuses on the various shore platform 
morphologies in central-southern New South Wales and how platform morphology influences risk. 
Utilising airborne LiDAR, characteristics of elevation, width and slope for shore platforms are analysed 
and used as factors of risk. Analysis of morphology gave an indication of formative processes, with rock 
properties, particularly rock structure being concluded as a major influence, as this factor will determine 
the resistance properties of platforms to wave action. Elevation data was combined with wave action and 
tidal data and it was found that the level of risk on a shore platform increases with tidal inundation and 
wave height, and inundation is determined by elevation. Platform width and slope influence the amount of 
wave energy impacting upon a platform, with a narrow sub-horizontal platform being considered highly 
reflective in nature, whereas a wide sloping platform is considered dissipative. Analysis of platforms with 
high drowning occurrences, and seemingly higher risk showed morphology that is both dissipative and 
reflective of wave energy, suggesting an intermediate state of energy transfer which may present hazards 
that neither solely dissipative nor reflective platform morphologies exhibit. This study provides a 
preliminary basis of classifying risk for various shore platform morphologies. Platform morphology 
analysed varies significantly, indicating there are several aspects of risk to be considered. This risk 
analysis provides potential for coastal managers to identify hazards for rock coasts. In the classification 
hazards are defined by three key observable and measureable parameters; elevation of a platform, tidal 
height and wave action. This study has demonstrated the potential of airborne LiDAR to analyse 
morphology and risk involved with rock coasts. Future studies might benefit addressing the influence that 
slope and width have on wave energy interaction with a platform. These parameters, along with 
acquisition of offshore bathymetry data combined with the classification used in this study, will help 
further to refine a risk index. 
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ABSTRACT 
Rocky coasts account for approximately 40% of the Australian coast, with some of the best 
examples of shore platforms found along the south-eastern coastline of NSW. The processes 
by which these have formed have been debated for centuries, with opposing views existing 
on morphology and whether they are contemporary or inherited landforms. Researchers have 
long considered wave erosion as the major determinant, however, subaerial weathering 
processes have also been proposed. Australian residents and tourists congregate to the coast 
for a variety of recreational activities, and increasingly it is being recognised that there are 
significant levels of risk involved with these rocky coast landforms. Royal Lifesaving 
Australia reports that 126 people have drowned in rocky coast settings in the past seven 
years, with the large majority of drownings being rock fishermen. A stretch of coastline in the 
Central Coast region has recorded 16 incidences of drowning within 8 years, suggesting that 
some coastlines pose higher levels of risk than others and that rocky coasts clearly present a 
challenge to coastal managers in terms of safety and classifying risk. Research of beach 
systems allowed Surf Lifesaving Australia to successfully implement a Safety and 
Management Plan for Australia (ABSAMP), which relies on a thorough understanding of 
beach morphodynamics. It has recently been proposed that a similar approach could be 
applied to rocky coasts, as the interactions between platforms of variable morphology and 
wave energy incur different levels of risk. This study focuses on the various shore platform 
morphologies in central-southern New South Wales and how platform morphology influences 
risk. Utilising airborne LiDAR, characteristics of elevation, width and slope for shore 
platforms are analysed and used as factors of risk. Analysis of morphology gave an indication 
of formative processes, with rock properties, particularly rock structure being concluded as a 
major influence, as this factor will determine the resistance properties of platforms to wave 
action. Elevation data was combined with wave action and tidal data and it was found that the 
level of risk on a shore platform increases with tidal inundation and wave height, and 
inundation is determined by elevation. Platform width and slope influence the amount of 
wave energy impacting upon a platform, with a narrow sub-horizontal platform being 
considered highly reflective in nature, whereas a wide sloping platform is considered 
dissipative. Analysis of platforms with high drowning occurrences, and seemingly higher risk 
showed morphology that is both dissipative and reflective of wave energy, suggesting an 
intermediate state of energy transfer which may present hazards that neither solely dissipative 
nor reflective platform morphologies exhibit. This study provides a preliminary basis of 
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classifying risk for various shore platform morphologies. Platform morphology analysed 
varies significantly, indicating there are several aspects of risk to be considered. This risk 
analysis provides potential for coastal managers to identify hazards for rock coasts. In the 
classification hazards are defined by three key observable and measureable parameters; 
elevation of a platform, tidal height and wave action. This study has demonstrated the 
potential of airborne LiDAR to analyse morphology and risk involved with rock coasts. 
Future studies might benefit addressing the influence that slope and width have on wave 
energy interaction with a platform. These parameters, along with acquisition of offshore 
bathymetry data combined with the classification used in this study, will help further to refine 
a risk index. 
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Chapter 1. Introduction 
 
1.1 Introduction  
Rocky coasts are erosional environments that form as a result of the landward retreat of 
bedrock at the shoreline (Kennedy et al, 2014). The horizontal shore platforms (rock 
platforms) that form at the base of cliffs have been a topic of geomorphological debate for 
more than century. It is evident that morphology is closely related to sea level, but there 
remains the question of what physical processes form them. Opposing views have been put 
forward with some researchers stating that platforms are cut predominantly by marine erosion 
(Trenhaile, 2002), whereas others have argued that they have been formed primarily through 
subaerial weathering processes (Stephenson & Kirk, 2000b). Shore platforms have also been 
theorised to form as a combination of marine and subaerial weathering processes (Kennedy et 
al., 2011). It is still undecided whether rock platforms have been shaped by contemporary 
processes or they have been partially inherited from past higher sea levels (Brooke et al, 
1994).  
 
Rock coasts are prominent throughout the world, covering approximately 80% of coasts 
globally (Emery & Kuhn, 1982), and within Australia 40% of its coastline comprises of cliffs 
and shore platforms. (Short & Woodroffe, 2009). Some of the best examples of these 
platforms occur along the south east coaster coast of New South Wales (NSW), Australia. 
The term “shore platform,” used to describe these landforms, was first used by an American 
geologist named James Dana during an exploring expedition to the NSW coast (Dana, 1849). 
These shore platforms in NSW will be the focus of this study to assess varying morphologies 
for a better understanding of morphology present at sites. Differing morphology of shore 
platforms analysed will provide a means to classify the risk of drowning in these 
environments.  
 
Australia has always been considered a nation with a “strong beach culture”, with the 
majority of Australian residents and tourists living near or congregating to the coast for a 
variety of recreational activities. However with 126 lives having been lost along rock coasts 
in Australia since 2009 (RLSA, National Drowning Report 2009-2015) it is clear that the risk 
involved must be assessed. This project is being undertaken as part of a larger study in 
conjunction with Surf Lifesaving Australia (SLSA), University of Melbourne and is 
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supported by the Australian Research Council entitled “Rocky coasts: a framework for risk 
assessment in order to reduce drowning”. This smaller scale project will focus on varying 
platform morphology and the different risks they will pose. 
 
1.2 Aim & Objectives 
The aim of this project is to describe and assess morphological characteristics of shore 
platforms along the central-southern NSW coastline. Varying factors of hazard will be 
defined by the morphological characteristics assessed, with these hazards the basis for 
classification of risk for individual shore platforms.  
 
1. Assess varying rock coast morphologies at selected sites along the NSW coast. 
2. Utilise field observations, measurements and pre-existing geospatial data to present 
an accurate depiction of rock coast morphologies. 
3. Review information on rock coast drowning occurrences in NSW to suggest a 
framework for classifying shore platforms in terms of the level of risk. 
4. Suggest possible shore platform morphologies that pose risk to human life. 
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1.3 Background Literature on Rock Coast Morphology and Processes. 
 
1.3.1. Rock Coast morphology  
Comprehensive analysis of rock coast geomorphology, processes and past research has been 
undertaken by a select few authors (e.g.  King (1972), Trenhaile (1987), Sunamura (1992); 
Stephenson & Thornton (2005), Bird (2008), and most recently by Kennedy et al. 
(2014).Trenhaile (1987), Sunamura (1992) and Kennedy et al. (2014) outline the most 
comprehensive and critical reviews. Trenhaile (1987) evaluates the results of past studies into 
platform processes and resulting morphology, whereas Sunamura (1992) details the 
development of quantitative analysis applied to these landforms. The review by Kennedy et al 
(2014) is a global synthesis of rock coast information from research leaders in the field. Rock 
coasts comprised of cliffs and shore platforms form unique and remarkable landscapes, when 
viewed in comparison to other coastal environments, however, they remain relatively 
understudied. This lack of research was highlighted by Stephenson & Thornton (2005) in 
their review of research on Australian rock coasts. However, Kennedy et al. (2014) states that 
due to increased interest in rock coast geomorphology, particularly in Australia, researchers 
are closer than ever to figuring out the 150 year old controversy of rock coasts. However, the 
fact that these controversies have been disputed for 150 years, and still persist today infers 
there is still much to of these geomorphological systems.  
To understand how rock coast morphologies are categorized, a brief history of past 
morphology studies is necessary. Jutson (1939, 1949a, 1950, 1954) proposed that shore 
platforms could be placed into three categories, based on elevation. High level platforms were 
those with average heights of 1 m above mean sea level (but could be found at higher 
elevations), normal platforms were found at elevations in-between mean high tide, and mean 
low tide and ultimate platforms were found well below low water. Following this, Bird (1968, 
2000) and Davies (1977) also suggested there was a three-part delineation based upon 
elevation. However using elevation to categorise platform morphology has proven 
problematic due to the uncertainties of relating elevation to sea and tide levels (Stephenson & 
Thornton, 2005). It was Sunamura (1983, 1992) as well as Tsujimoto (1987) who proposed 
the three broad morphologies of rock coasts that are widely accepted within the scientific 
community today (currently used to discriminate platform morphology). The three 
morphologies are plunging cliffs (where shore platforms have perhaps not yet developed); 
shore platforms that slope gently into the sea (Type A) and platforms that are almost 
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horizontal and stop abruptly, often with a cliff at the seaward edge (Type B). Platforms in this 
study are predominantly Type B style platforms (Figure 1.1).  
 
 
Figure 1.1 - Demarcation of shore platform profiles. Profiles show plunging cliffs and representations of typical 
platform morphologies formed in fragile rock, A, and more resistant rock, B. Type of profile is shown at varying 
tidal levels.   From Sunamaru, (1992). 
1.3.2 Past studies into shore platforms and their methods 
A brief review of past shore platform analysis techniques will be provided in order to assess 
the methods used by researchers, aiming to provide an indication of those that are applicable 
to this project. Research and analysis on shore platforms most likely began with Dana’s 
(1849) investigation and description of platforms in New Zealand and New South Wales. 
Following Dana’s report the next major study of platforms came from one of the founders of 
geomorphology, William Morris Davis, and his Davisian system of landscape analysis. This 
involved recognizing long term cyclical nature of erosion in landforms and landscape 
analysis. Davis (1896) applied this model to coastlines and; his method of fitting a subjective 
description of landforms to a pre-conceived model of their evolution became common. A 
major contributor platform evolution included Fenneman (1902) who created simplistic 
models of “typical platform morphology”.  
 Following the philosophy and research of Davis (1896) there was a shift towards empirical 
observations of process, which had been previously neglected, when using the cyclical 
approach to rocky coasts. Bartrum (1916, 1935), Jutson (1927, 1949) and Wentworth (1938) 
- MHWS = Mean high water springs level 
- MSL = Mean sea level 
- MLWS = Mean low water springs level 
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all conducted studies focusing more on observations of process rather than just descriptions. 
In which Bartrum defined subaerial and water-layer weathering on New Zealand’s North 
Island coast (1916, 1935). Jutson also conducted research on the importance of water layer 
weathering (1927, 1949) and emphasized the importance of this process in platform 
formation along the coast of Lorne in Victoria.  
Wentworth (1938) was also concerned with water layer levelling and along with Bird and 
Dent (1966) considered this process the dominant cause of planation along the coast of 
Sydney and New South Wales south coast platforms. Although this signalled a switch from 
deductive thinking to inductive, there was little critical testing performed and instead there 
was strictly empirical observations which often lacked precision. 
It was in reaction to these previously purely descriptive studies that quantitative analysis of 
morphology and process became increasingly recognised from the 1960’s. These analyses 
provided a way to produce objective conclusions on platform structure, processes and rate of 
development; for example, the research of Rudberg (1967), So (1965) and Trenhaile (1971). 
So (1965) and Trenhaile (1971) used a combination of archaeological evidence, historical 
maps and air photographs to derive recent cliff and platform erosion rates. Rudberg (1967) 
also utilised air photographs to derive a cliff erosion rate on the coast of Gotland in Sweden 
of 0.4-0.6 cm per year. This erosion rate inferred that the post-glacial cliffs have retreated 
more than was first thought from the measured erosion process, which is evidence of a period 
of accelerated erosion occurring in the past. It was during this period (1960’s) that new 
technologies such as the micro-erosion meter were introduced; allowing researchers to 
observe and measure accurately the different erosion and weathering processes occurring 
simultaneously on contemporary platforms.   
Edwards (1941) was the first to show a relationship between rock strength and platform 
morphology on Australian platforms. This was shown by conducting compressive strength 
tests on different rock types along both the Victorian and Tasmanian coasts. He divided 
platforms based at 10 290 – 20 594 kN/m2, well developed platforms at of 20 954 – 109 838 
kN/m2 and platforms that were absent or in very early stages of development at 186 038 
kN/m2 or less than. 
During this period of inductive thinking, researchers were producing hypotheses and then 
critically testing these hypotheses to either prove or refute their claims. Tsuguo Sunamura 
provided geomorphologists with the classification of platform types still used today 
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(Sunamura, 1975, 1992, 1991). His research was concerned with conducting wave tank 
experiments (1975, 1991), that involved measuring the erosion of concrete blocks of varying 
specific strengths by waves of controlled heights. The results of the experiments indicated 
that waves needed to break in front of cliffs for the process of cliff erosion to begin and 
platform initiation to eventuate. From these results Sunamura suggested the platforms that 
developed in these experiments were a function of the relative platform rock strength, with 
sloping platforms (Sunamura’s type A platform) developing in weaker material, and 
horizontal platforms (Sunamura’s type B platform) developing in more resistant rock. 
Sunamaru (1992) utilised these results as well as other empirical data on platform and cliff 
erosion in order to produce models of platform development. This demarcation of platform 
types is important when considering the south-eastern coast of NSW and its platforms 
because the vast majority that are considered in this study are said to be type B. 
Originally proposed by Hills (1949), Gill (1972) argued that both type A and type B platform 
morphologies were the products of an ongoing evolutionary shoreline process. This process 
would persist until an ultimate state of equilibrium was attained, a profile of equilibrium. Gill 
(1972) stated that sloping type A platforms were cut into weaker rocks such as clay and 
siltstone or into weathered granite and basalt. By contrast, no platform was present in fresh 
granites, resulting in the form of plunging cliffs. Horizontal (Type B) platforms were cut into 
rocks of intermediate strength. These storm wave platforms stated to be in various stages of 
development, are evident from the observed varying levels of elevation as well as differing 
degrees of planation. Since horizontal platforms form in harder rock and sea level has only 
been at its present level for approximately 6000 years, enough time has not elapsed in order 
for a sloping profile of equilibrium to be achieved. This theory of morphology is similar to 
that of Sunamura (1992), however, Gill (1972) also proposed that a second type of 
equilibrium existed in aeolianite and calcarenite platforms which were horizontal (type B) but 
intertidal. Gill considered the soluble nature of these rocks as an important factor, and any 
type B platform cut into soluble rock was considered by Gill (1972) to have reached a profile 
of equilibrium. Whereas, any Type B platform cut into insoluble rock was considered to be at 
an evolutionary stage, with the end result being a Type A ramp profile (Stephenson & 
Thornton, 2005).  
Further proposed by Gill & Lang (1983) was that both A and B platforms are different stages 
of platform development, resulting in an ultimate profile of equilibrium. This concludes that 
rather than them being distinct morphologies they were two separate stages in a process of 
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evolution. However, the morphological distinction made by Sunamura (1983, 1992) and 
Tsujimoto (1987) is based upon rock properties, particularly compressive strength. For this 
reason it is unlikely that B type platforms occurring in harder rock will evolve into A type 
platforms with sloping morphologies which form in softer rock; instead they are to be 
considered mutually exclusive (Stephenson & Thornton, 2005).      
Researching Lord Howe Island Dickson et al. (2004) classified platforms and cliffs based on 
rock strength and nearshore water depth, similar to the research of Tsujimoto (1987). Dickson 
et al. (2004) used nearshore water depth as a surrogate for wave energy due to the size of 
waves impacting upon the shore correlating directly with this depth. However, the correlation 
made was not as strong as that of Tsujimoto (1987) and it became complicated with 
anomalous platforms forming at the critical threshold between cliff and platform. The studies 
by Dickson et al. (2004) and Dickson (2006) investigating the relationship between rock 
strength, nearshore water depth and resulting platform morphology highlights this complex 
relationship between rock control and processes responsible for shaping rock coast 
morphology. Nearshore water depth could be of importance to both morphology and risk 
involved with shore platforms. Kennedy et al. (2013) suggested that the level of hazard upon 
a platform may be a function of front depth and platform elevation, terming this relationship 
“morphological exposure”. This theory and its potential for risk classification will be 
discussed further in Chapter 2 of this study. 
Also of interest to international researchers has been determining the controls of platform 
width, gradient and elevation. There has been minimal research conducted in Australia to 
establish a relationship between the process environment and resulting shore platform 
morphology. Australia’s stability due to the lack of tectonic activity during the late 
Quaternary and Holocene provides a suitable environment for these studies to be performed. 
However, the relationship between current platform elevation and sea level is complex due to 
the possibility of seemingly modern platforms having been inherited from previous higher 
level seas during the Quaternary (Trenhaile, 1987). Attempts in finding a clear relationship 
between wave energy or rock type and elevation have proven difficult, as there is research 
that contradicts previous studies. These contradictions will be explained and explored in the 
context of sites analysed for this study Chapter 6 of this study. 
As mentioned earlier, Sunamura’s (1991) wave tank experiments showed a link between 
higher elevations, higher rock hardness and wave energy, with higher elevations occurring in 
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harder rocks, provided wave energy remained constant. Researchers on the Otway Coast of 
Victoria have stated research in support of these claims. Thornton & Stephenson (2006) 
compared 14 platforms at varying elevations with respect to Australian Height Datum 
(AHD), using Schmidt hammer tests to record rock hardness. Studies like Thornton & 
Stephenson’s (2006) on shore platform development can provide key information on 
reconstructing paleo sea levels and interpretation of marine terraces.  Their results showed a 
significant correlation between elevations and rock strength (r = 0.47, p < 0.01), with higher 
Schmidt hammer values relating to higher platform elevation. An even stronger correlation 
was found between mean platform elevation and mean Schmidt hammer values (r = 0.66, p < 
0.05). Platforms being backed by a cliff were found to be significantly higher in elevation as 
well as rock strength.  
Thornton & Stephenson (2006) also noted that mean platform elevation appears to be 
sensitive to geological influences, particularly in areas with a small tidal range, as is the case 
along east coast of Australia. This factor of geological control has been explored by Kennedy 
& Dickson (2006) researching Shag Point in Southern New Zealand; they concluded that 
joints within the bedrock were a primary control over platform elevation. Platforms formed in 
jointed rock occur within the lower portion of the intertidal zone, in comparison to unjointed 
bedrock platforms which had horizontal surfaces that appeared to occur at or above mean 
high water spring tide level. Kennedy (2010) researching the influence of geological control 
on shore platforms within the Sydney region also concluded that lithological structure and 
rock resistance appeared to be the dominant control of platform morphology, with marine 
processes appearing to simply exploit existing planes of weakness. These studies indicate the 
importance of acknowledging geological control when unravelling the determinants of rock 
coast morphology. 
Modern day studies have seen further advancements in technology and a peak of interest in 
rock coasts, a prime example is analytical dating techniques being applied to shore platform 
surfaces (radiometric dating) as well as associated sediments (radiometric and 
thermoluminesence techniques). Bryant et al. (1990) applied these dating techniques to 
various platform surfaces along the Illawarra coast, dating materials such as iron hydroxides 
and oxyhydroxides within platform crusts using the uranium-thorium dating technique. The 
dates indicated that platforms around 2 metres in elevation had been covered by soil or slope 
deposits during the last postglacial period. This is inferred by the resulting age of an iron 
crust on top of a section of platform at Wombarra, which U/Th (uranium-thorium) analysis 
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has dated the material at 9.2 +2.3 -2.4 ka. This dating analysis supports the theory of 
inheritance in platform morphologies (Bird and Dent, 1966), as it implies that the platform 
surface was cut prior to the Holocene high stand. Therefore, it could be inferred that these 
platforms were cut during a period of higher interglacial sea levels. 
Woodroffe et al. (1992) also used uranium-thorium dating techniques on shore platforms in 
the Cobourg Peninsular, Northern Territory. Materials used for dating included iron 
laminations, breccia iron cement and overlapping iron-encrusted sand, all obtained from 
platform surfaces. These dates also indicated that platform surfaces formed prior to, as well 
as modified during, the Last Interglacial. Modern dating techniques have led to a better 
understanding and basis for experimentation regarding the controversy whether shore 
platforms are landforms inherited from past highstands, a contemporary feature, or are 
perhaps a combination of the two.  
Another modern day method that is becoming more evident in increasing our understanding 
of shore platform morphologies is the utilisation of Geographic Information Systems (GIS). 
GIS is a digital mapping system designed to capture, store, analyse, manipulate and present 
all types of spatial or geographical data. The significance of using GIS software is providing 
a consistent way to map that offers great potential to model and further classify processes and 
morphology occurring on rock coasts. LiDAR (Light Detection and Ranging) technology in 
particular, offers an unprecedented opportunity to study previously inaccessible platforms in 
considerable detail, as shown by Palamara, et al. (2007). This study focuses on the use of 
LiDAR in acquiring accurate and reliable data for the study of shore platforms. Acquiring 
quantitative data on the morphology of platforms is challenging as some of the changes or 
processes may occur on a slow geological time scale (ka-Ma of years), making measurements 
difficult and time consuming. Another major challenge in collecting quantitative data on 
platform morphology is the ever present aspect of risk. Shore platforms can be exposed, 
highly unpredictable areas often difficult to access, highlighting the advantages of utilisng 
GIS analysis techniques. 
It is clear when reviewing past and present techniques for studying shore platform 
morphology that simply utilising one research method can create inaccurate assumptions or 
results on how shore platform morphology occurs. For example, strictly descriptive studies 
into morphology and process will be simplistic and limited by theoretical constraints. The 
research of William Morris Davis and students of the Davisian philosophy of thinking 
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applied unjustifiable histories to platforms due to the predetermined way of thinking that 
came with their philosophy.  
Quantitative studies have allowed researchers to compare process rates as well as 
morphometry occurring on different platforms. Utilising these, hypotheses into platform 
morphology could be tested. However quantitative studies of process rates are confined to the 
current environmental conditions of a platform, which may not reach the magnitude or 
frequency to allow platform modification. 
Modern investigations of platform morphology, such as research into platform chronologies 
utilising numeric dating techniques, as well as utilising GIS techniques to analyse shore 
platforms, presents researchers with more accurate quantitative data than ever before.  The 
major constraint is the large cost in operating the equipment involved in these analytical 
procedures.  
When reviewing the advantages and limitations of these methods it is evident that the best 
research method is a combination of observational, morphometrical and analytical 
approaches. This will allow the utilisation of all available information and avoid problems 
such as constraints placed on preconceived ideas into platform development in earlier 
research.  
This study focuses on the morphological characteristics of shore platforms, particularly 
elevation and width, as well as slope to lesser degree. Past studies into these morphological 
characteristics will allow comparison and further analysis. 
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1.4 Past Studies into Shore Platform Elevation 
Researchers have found or proposed a positive correlation between rock strength and 
resulting elevation in Australia (Thornton & Stephenson, 2006). Hills (1971) also noted a 
correlation between lithology and elevation, in that lower platforms occurred in softer rocks 
and higher platforms occurred in harder rocks. However, in contrast, studies have shown no 
relationship between rock strength and the elevation; for example Duckmanton (1974), 
conducting studies on the Kaikoura Peninsula in New Zealand found no relation between 
lithology and subsequent elevation.  
Opposing views also exist in relation to exposure to wave action and platform elevation, with 
So, (1965) Trenhaile (1971, 1972, and 1974) and Sunamura (1978) proposing that elevation 
of a platform is higher on exposed headlands than within sheltered embayments. Gill & Lang 
(1983) argued there was no correlation between exposure and resulting elevation. Another 
factor that has been explored is the degree of inheritance shore platforms present in 
contemporary form, with higher stands of sea level being attributed to resulting elevation in 
researchers work (Trenhaile, 1971). Kennedy & Dickson (2006) suggested rock structure 
plays a dominant role in platform elevation, with platforms being eroded and experiencing a 
higher rate of downwearing along joint planes, through weathering processes such as water 
layer weathering. These differing and contradicting views provide a complex solution to 
mechanisms producing platform elevation, and analysis of sites in NSW for this study will 
provide further insight into influential factors. 
Kennedy et al. (2011) reappraised the “Old Hat Island” debate on whether marine erosion or 
subaerial weathering was the dominant control on morphology (Stephenson & Kirk 2000a, 
2000b) on islands in northern New Zealand. In terms of elevation, Kennedy et al. (2011) 
found more exposed sites occurred at mean high water spring level; whereas more sheltered 
sites formed at the mean high water neap level. Platform elevation was further stated to be 
dependent upon the level at which waves erode cliff rock, as well as weathering processes 
lowering the platform surface.  
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1.5 Past Studies into Shore Platform Width 
Shore platforms have been suggested to be widest in areas of less exposure to wave action, 
since constant wave action on exposed platforms has eroded the seaward edge landward (Bird 
& Dent, 1966). Abrahams & Oak (1975) conducted a study along the south coast of NSW to 
test this theory, to do this they studied headlands between Port Kembla and Durras Lake. The 
headlands studied were of an east-west orientation, so the southern side which is constantly 
exposed to dominant swell direction could be compared to the northern side, which remains 
sheltered from dominant swell. Their results indicated that there was no clear relationship 
between platform width and exposure to wave action, highlighting the importance of other 
factors such as geological control and weathering processes in determining the width of a 
platform. Kennedy et al. (2011) working on the Bay of Islands in New Zealand also noted no 
clear relationship between a platforms width and exposure to wave action, suggesting 
geological as dominant factor. Kennedy et al (2011) proposed that the capacity of waves to 
erode a platform surface along vertical joint lines seemed influential.  
Trenhaile (1983) sought to test development of wave cut platforms, particularly changes in 
platform width over time using two separate models. The models used data from a variety of 
morphogenic environments to show that shore platforms will trend towards a state of 
dynamic equilibrium.  Trenhaile (1983) stated that enough time had passed since seas reached 
present levels for shore platforms to be close to a state of equilibrium. These models showed 
that platform width rapidly increases in the early stages of planation, but slows down as a 
platform approaches equilibrium state. Trenhaile (1983) proposed that at a platform in a state 
of equilibrium width is directly related to wave intensity and tidal range, as well as inversely 
influenced by the rate of platform erosion and rock hardness. Widest platforms were stated to 
form under conditions of low rates of platform erosion, weak rocks, high energy wave 
environments and a large tidal range. 
Shore platform width like most morphology parameters on rock coasts, remains a 
controversial issue. It is evident that wave action and rock resistance are key factors as the 
combination of these two will influence the rate of erosion. Researchers have stated a 
correlation between rock resistance and platform width, noted in Davies et al. (2006) research 
sites in Glamorgan in Wales as well as the Kii and Izu peninsulas (Japan). They found a 
consistent and significant correlation between platform width and higher Schmidt hammer 
readings. This relationship was based on the rock resistance parameter uniaxial compressive 
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strength. No significant relationship between joint density and width was recorded; however, 
this is stated to perhaps be because of difficulty in quantifying this parameter in the field. 
 
1.6 Past Studies into Shore Platform Slope 
Generally platform slope will increase with tidal range (Trenhaile & Layzell, 1981), with 
platforms forming in meso or macrotidal conditions typically having slopes of 1.5 ° to greater 
than 4 ° (Trenhaile, 1987). For microtidal environments sub-horizontal platforms (type B, 
Sunamura, 1992) are most commonly found, and have been stated to slope between 0.5 and 
1.5 ° (Stephenson & Kirk, 2000a). 
So (1965) noted that a platforms slope is steeper in embayments when compared to 
headlands, when studying the Isle of Thanet in Kent. Wood (1968) also researching Kent 
confirmed this increase in slope towards an embayment. The slope of a platform will likely 
be influenced by wave energy, rock resistance and tidal influences; but the influence of one 
process over another is difficult to measure.  
Platform slope has been proposed to influence the transformation of wave energy across a 
platform (Marshall & Stephenson, 2011), this phenomenon is likely to play a role in risk and 
is further discussed in Chapters 5 and 6 of this study. Platform slope variation and this 
parameters effect on wave transformation may further influence resulting morphology 
(elevation, width, form).  
 
 
 
 
 
 
 
 
 
 
 
 
23 
 
1.7 Processes determining shore platform morphology 
Evolution of rock coast landforms is due to many processes operating on different spatial and 
time scales. They can be spilt into subaerial, marine and biological processes; Subaerial 
weathering is the breakdown of bedrock making the rock weaker and more susceptible to 
erosion by marine processes (waves and tidal action). Biological activity and its effect on 
shore platforms is complex to measure, as it can act as an erosive, protective, constructive or 
a combination of all three. Therefore, the form of a shoreline today is dependent upon the 
balance between the assailing forces of erosion and the resisting forces of the bedrock. For 
example plunging cliffs may occur along coastlines composed of more resistant rocks such as 
basalt, whereas if a shoreline is composed of less resistant bedrock material such as 
mudstone, sloping platforms may be more likely to form.  
Even with the aforementioned knowledge of the boundary conditions acting on rocky coasts, 
predicting the form and evolutionary path of a rock coast based on formative processes has 
proven to be problematic. It is becoming more evident that rock coasts evolve through a 
broad range of differing and contrasting processes (Naylor et al, 2010). However the 
processes operating and modifying rock coasts are governed by a number of external 
boundary conditions, such as climate, tidal range and sea-level history. The variation of these 
processes within the boundary conditions is important over a large spatial scale, such as 
between two countries or continents, however on a regional level or a local scale variation of 
boundary conditions is usually much less. A prime example of this temporal variation can be 
seen when examining frost and ice, the geomorphological agent which play a pivotal role in 
platform development in high latitudes (Hansom et al, 2014), while at low latitudes frost and 
ice are irrelevant. 
Another major boundary condition for the development of shore platforms is the tidal range 
operating on a coastal cliff. For example, the eastern Canadian coast (Trenhaile, 2014a) is for 
the most part considered a macrotidal environment (tidal range greater than 6 metres) where 
intertidal sloping rocky surfaces develop at more than five degrees. This study’s area of 
southeastern Australia is microtidal (tidal range less than 2 metres), which leads to the 
formation of sub horizontal shore platforms (Kennedy, 2014). This difference in morphology 
of platforms with different tidal ranges has been stated to be an indication of tidal duration 
distribution determining resulting morphology (Trenhaile & Layzell, 1981). 
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Substantial variations in coastal morphology also occur due to another pivotal boundary 
condition, geology (lithology). Rock mass as well as rock material properties exert major 
controls on rock coastal processes (Naylor et al. 2012). The effects that lithology has on 
morphology are most obvious when considering different geological units within the same 
region. Platforms experiencing similar ocean conditions but different lithology can exhibit 
vastly differing morphologies, based mainly on resistance to erosion. Understanding the 
influence of geological control on rock coast erosion is difficult, particularly when other 
factors can exert a stronger control than lithology. For example rock mass properties 
(discontinuities such as faults or jointing) have been found to exert a far stronger control on 
erosion processes than the type of geological unit when comparing limestones and dolerite 
(Cruslock et al. 2010). This study compared shore platforms in Sweden to those in Wales, it 
was discovered that rocks with similar structural properties and differing lithologies produced 
similar patterns of erosion, even despite having different boundary conditions (wave action 
and ice scouring). 
These vast differences in boundary conditions that control the form a shore platform will take 
make it difficult to create a holistic model of landform development. The environmental 
conditions in which one platform will form can differ greatly from place to place, region to 
region, and throughout time (Kennedy et al, 2014). These problems in delineating between 
formative processes have led to the aforementioned debates on the subject which is still 
prevalent today. These variations are problematic when attempting to explain relationships 
between processes such as wave energy and platform width, as dynamics of platform 
lowering within one area may not be suited when applied to another location. Even if the 
original interpretations of a researcher are correct, their application in an area with a 
completely different set of boundary conditions can lead to inaccurate results. It is clear that 
the best way to develop and understand holistic models of rocky coast evolution is to focus 
on a shoreline with similar and comparable boundary conditions. A regional setting is ideal as 
at this spatial scale a similar climate and tidal range are likely to exist. However it is still 
important for researchers to collaborate on a global scale for a universal understanding of 
how rocky coast systems operate (Stephenson, 2000). These differing processes that control 
platform morphology will be further explained, and the boundary conditions operating within 
NSW will be highlighted. 
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1.7.1 Sea Level Change 
Rock coast landforms by their definition are found at shorelines, where land meets the sea. 
Sea level is consequently a fundamental boundary condition of shore platform morphology 
(Trenhaile, 2014b). However, current sea levels are not a representation of sea levels 
throughout the course of history, over which rock coast landforms may have been continually 
modified. Rock cliffs composed of more resistant materials may have eroded over several 
eustatic cycles, which can lead to multi-storeyed cliffs (Fleming, 1965). 
In the context of shore platforms, inheritance may make up a major component. Shore 
platforms have been theorised to have begun planation and experienced erosion during earlier 
time periods. The first proposals of erosion during past higher sea levels for Australia came 
from Andrews (1916) and Hedley (1924), stating the possible inherited nature of platforms 
within the Sydney region. Brooke et al. (1994) dating platforms along the Illawarra coast of 
NSW stated that platform development began before the Last Interglacial due to correlative 
sediments being found atop relict platform surfaces landward of the modern platform. Brooke 
et al. (1994) also stated evidence of Late Pleistocene as well as Late Holocene erosion of 
shore platforms. Bird & Dent (1966) and Young & Bryant (1993) also used modern dating 
techniques along the southern coast of NSW to infer that shore platforms had been somewhat 
modified during the Late Pleistocene at 126 ± 5 ka. There are also suggestions that many of 
the subhorizontal platforms along the eastern coast of NSW characterized by a microtidal 
environment have been cut primarily during the mid-Holocene highstand (Baker & Haworth, 
1997; Trenhaile, 2010). Much like many aspects of shore platform morphology these studies 
are speculative, and a concise theory on the origin of shore platforms is lacking.   
The amount of inheritance present on contemporary shore platforms is not clear, due to the 
degree of planation or modification during the Tertiary, Last Interglacial and Holocene time 
frames remaining a mystery. The formation of a shore platform in regards to sea level is 
significant in terms of this project, if a platform is above sea level, rather than actively 
formed at sea level then it may mean that a platform is safer to fish from, due to there being 
less risk of being swept off a platform by wave action.  
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1.7.2 Geology (lithology) 
The geological unit in which a cliff or shore platform appears to be formed is pivotal to 
gaining an understanding of how fast they erode, as well as resulting morphology. Lithology 
has a multi-facetted effect on platform morphology, where factors such as rock type, 
mineralogy and discontinuities (faults, jointing and bedding) all need to be considered. As a 
general rule, the harder a rock is, the higher a platform will usually form. Dickson et al. 
(2004) conducted research on the influence of rock resistance on morphology at Lord Howe 
Island; Rock hardness was assessed using Schmidt hammer analysis as well as measurements 
of joint density. Their results indicated that raised platforms, cut in basalt along the exposed 
shoreline and calcarenite along a sheltered shoreline were perhaps inherited from former sea-
level highstands.  
Despite results like Dickson et al (2004), rock hardness may not be accurate measure of 
erosional resistance. Discontinuities such as jointing and fractures within a geological unit 
have been shown to have a larger influence over erosion rates. Kennedy & Dickson (2006) 
conducted studies on lithological control of platform elevation at Shag Point in New Zealand, 
concluding that it is the degree of jointing and fracturing that is likely to play a dominant role 
in the rate of erosion. Stephenson & Naylor (2011) took this hypothesis a step further in their 
study of geological control on boulder production in a rock coast setting in southern Wales, 
UK. Their results indicated that not only do fractures and jointing exhibit control over erosion 
rates, but also the resulting products of erosion. This can be seen in coastal settings in which 
storms are prevalent, where large accumulations of boulders are quite common. The size of 
individual boulders as well as the volumes of these deposits is often connected, with bedrock 
that exhibits great jointing and fracturing there are more common occurrences of boulders. 
This has been stated to be directly affecting the morphology of a shore platform (Paris et al., 
2012; Stephenson & Naylor, 2011; Salzmann et al, 2012).  
It is clear that lithology and its associated processes play a major role in platform 
morphology, with weaker rock units being more susceptible to erosional processes such as 
wave action and weathering. The weakening of a rock unit will lead to discontinuities, which 
as mentioned exhibit a control over erosional rates and products. As a rock coast is weakened 
it may become more susceptible to mass movement processes, where mass movement is the 
transport of material downslope in response to gravitational stress. For example, 
undercutting, oversteepening or the removal of basal debris due to wave action will cause 
stress on a cliff face that can lead to free falls, topples or landslides. There have been 
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numerous attempts to classify the various types of mass movement (Sharpe, 1938; 
Hutchinson, 1968a; Savage, 1968; Carson & Kirkby, 1972; Varnes, 1975); however rock falls 
will often occur along remote stretches of rugged coasts, where no threat to human activity is 
posed. It is due to this that rock falls and topples are often not observed or recorded 
(Trenhaile, 1987). Rock falls can pose risk to society where they are likely to occur, however 
they are rare in NSW so are not a main factor considered in risk assessment for this study. 
Figure 1.2 shows types of mass movement. 
 
 
Figure 1.2 - Forms of mass movement. From United States Geological Survey, 
http://pubs.usgs.gov/fs/2004/3072/fs-2004-3072.html  
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1.7.3 Climate 
Climate varies greatly from region to region, factors such as temperature and humidity will 
have a strong influence over the mechanisms of physical, biological and chemical weathering 
(Kennedy et al, 2014). If a rocky coast is located within the tropics, these warmer climates 
are ideal for the processes of chemical and salt weathering, and in some cases are considered 
to play the dominant role in the evolution of a rock coast (Fookes & Poole, 1981; Dibb et al, 
1983). Shore platform environments within the tropics will also experience terrestrial 
weathering profiles that are usually quite deep; this decreases the erosional resistance of 
subaerial rocks. The research of Nott (1994) in the monsoonal tropics of Northern Australia is 
a testament to this. In contrast to these high temperature and humid regions in the tropics, at 
higher latitudes chemical erosion plays a lesser role, however high rates of physical erosion 
can occur due to processes involving ice. The assumption is often made in geomorphological 
texts that rocks in colder climates are split, shattered or altered due to the alternation of 
freezing and thawing of water (White, 1976; Hansom et al., 2014). Yet these frost and ice 
processes will not be further explored as they are not applicable to this project. The 
subtropical climate governing this projects study area of south-eastern NSW is characterized 
by four distinct seasons. 
Another important factor to consider in terms of shore platform processes and climate is 
accelerated climate change. According to the Australian Government Department of Climate 
Change, findings indicate that climate change is occurring faster than projected and the 
associated impacts are likely to become more severe. Under a high emissions scenario, sea 
level rise of up to a metre or more is plausible. This will change the boundary conditions of 
shore platforms, sea level rise will influence wave energy impacting upon the coast as well as 
the tidal duration distribution. It must also be noted that future climate change could alter the 
magnitude and frequency of extreme sea-level events, such as storm surges or tropical 
cyclones. Rising sea level is likely to cause an accelerated rate of erosion for many beaches 
around the Australian coastline, and the resulting effects on rocky coasts are somewhat 
uncertain. An increase in storm and tsunami events could be hypothesized to alter rock coast 
environments due to the increase in wave energy during these events.  
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1.7.4 Biological Influences 
Another factor that is often overlooked when considering rock coast morphology is the 
influence of biota. Organisms operating within a rock coast environment can have various 
effects on resulting morphology; processes such as bioerosion through grazing, burrowing 
and boring can weaken a rock unit making it more prone to weathering, discontinuities and 
other erosional processes (Trenhaile, 1987). However, marine fauna and flora can also 
assume a protective role on rock coasts, by creating an organic crust that will protect the 
underlying rock unit from direct wave action or chemical weathering processes. It is evident, 
however, that the direct and facilitative roles played by bioeroders in creating surface 
morphologies and reducing the resting force of a rock unit is far more complex than first 
anticipated (Naylor et al. 2012).  
Naylor et al. (2012) discovered that-cross scalar interactions between various types of biota 
exist, in which micro-borers create a modified zone more favourable for different types of 
macro-biota to inhabit and exploit. How biological communities of rock coasts will react to 
climate change remains unknown, a recent study by Poloczanska et al. (2012) investigated 
biota’s distribution changes on rock shore environments during the past 50 years of 
accelerated climate change. Their results, however, indicated that there had been minimal 
change in the distribution of biota along the east coast of Australia, despite an increase in 
temperature of approximately 1.5 °C. It was concluded that the environmental transition 
driven by wave exposure, local currents and presence of large sand islands were the deciding 
factors influencing biogeographic distributions along the east coast of Australia. Little is still 
known concerning the relationship between biota and resulting shore platform morphology 
and it is evident that this must be addressed for a better understanding of how rock coast 
morphology and processes operate. 
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1.7.5 Tidal, wave and wind influences 
Tidal environments vary with location across the Earth’s oceans and can range from 
macrotidal, mesotidal and microtidal, which will have important implications for platform 
morphology (Trenhaile & Layzell, 1981). Macrotidal environments such as the Bay of Fundy 
in Canada (Trenhaile, 2014a) will usually form platforms that slope towards the sea (platform 
Type A, Sunamura, 1992). This differs in microtidal environments such as Australia which 
are characterized by sub-horizontal platforms (Type B platform, Sunamura, 1992) (Trenhaile, 
1987). Tidal stage has no direct effect on rocky coasts morphology (that has been 
discovered), however, indirectly they can control the types of waves that will approach the 
coast as well as the elevation of wave attack; these factors control the magnitude and position 
of assailing waves (Sunamura, 1992).  
Trenhaile & Layzell (1981) created a simple wave erosional model to simulate profiles of 
shore platforms in eastern Canada; Australia, New Zealand, and Britain. The model assumed 
the rate of intertidal erosion corresponds to the length of time that still water level will 
occupy each elevation, within the tidal range (tidal duration distribution); with the factor of 
erosion related to wave energy and rock hardness, by platform slope and the rate of marine 
erosion at the seaward edge. However, this model assumes constant wave energy and does 
not account for factors such as level of exposure to wave action or differences in wave 
transformation across a platform. 
Wind and wave processes will have a major influence on erosion rates through the physical 
destruction of rock. Mechanical wave action is considered the dominant erosional agent in 
some parts of the world (Trenhaile. 1987). The assailing force of waves will consist of two 
kinds of action; hydraulic (compression, tension and shearing stresses) and mechanical. The 
distribution of hydraulic pressure can be said to be the largest at or slightly above sea level 
and decreasing towards the sea floor and up towards the top of the cliff (Sunamura, 1992). 
Mechanical action for example can be the process of suspended sediments in waves acting as 
abrasive on a cliff face. Waves grow as they acquire energy from winds blowing over a water 
surface, while the amount of energy transferred from wind to waves is a function of the wind 
speed, wind duration and fetch, with the more energy that is transferred the greater the 
resulting waves in the fetch area (Sunamura, 1992). The intensity of waves will also depend 
on the volume of beach sediment overlying the profile of a rocky coast where beach sediment 
can act as an abrasive, but it can also act as a protective layer, increasing the resistance to 
erosion from wave action. There are three types of waves that occur at a cliff base: standing, 
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breaking and broken. Modelling the effect that waves have on shore platform morphology has 
been undertaken by various researchers e.g. Sunamura (1991), Trenhaile (2000, 2005), and it 
is clear that a strong knowledge of how waves operate on shore platforms is necessary for 
understanding morphology as well as risk involved. How waves influence platform 
morphology and the resulting factors of risk will be discussed in a later section of this study. 
Another important factor directly related to the effect waves have on a shore platforms is the 
level of exposure a given platform will experience. For example, if a rocky coast is located 
within a bay that is protected from direct ocean swell, then it could be hypothesized that a 
platform located along an open stretch of coast will be morphologically different due to the 
fact it will experience different environmental conditions. This is observed by the work of So 
(1965), researching the Isle of Thanet in Kent, England. Platform morphology in terms of 
elevation, slope and width was shown to change significantly when contrasting platforms on 
a headland to those within an embayment.  
Waves pose significant risk to people when impacting on rock coasts. Waves appear to be the 
main reason people are swept into the sea, often ending in drowning. The amount of wave 
energy being transformed across a platform is also likely have an effect on risk and will be 
discussed in Chapters 5 and 6 of this study. The next chapter outlines the risks involved with 
rock coasts, by analysing drowning occurrences and identifying key demographics at risk.  
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Chapter 2. Risk associated with Rocky Coasts. 
 
The coast has a vast array of hazards operating on a large range of scales. Hazards can 
include extreme magnitude events, such as tsunami and storm surges or smaller magnitude 
processes such as wind waves, tides and rip currents. The degree to which these processes 
will affect the coast is determined by the boundary conditions of the landforms comprising 
the shore, as well as atmospheric and geological setting (Kennedy et al, 2013).  
Risk = Hazard x Elements at Risk x Vulnerability. 
In coastal management, risk refers to a combination of the probability of a coastal hazard 
happening (extreme wave event), elements at risk (swimmers, infrastructure) and the amount 
of damage that could occur (vulnerability) (Crozier and Glade, 2004). 
Therefore, risk involved with rocky coasts can be shown by: 
    
 
 
 
 
 
 
Figure 2.1 - Simplified conceptual risk framework for rocky coasts, From Kennedy et al (2013) 
Rocky coasts are a high risk environment, particularly as people will often underestimate the 
risk involved as well as overestimate their ability to cope with hazards. Rock fishermen are 
the key demographic at risk (Moran, 2008); however coastal hikers or people swimming or 
jumping off rocks are also at risk. Rates of drowning along Australian coastlines remain high. 
Currently rock coast incidences of drowning contribute almost 10% to drownings per year, 
compared to around 3% in 2000 (Table 2.1).  
Risk 
Hazard 
- Waves 
- High platform 
elevation at 
seaward edge 
- Slippery surfaces 
 
 
Elements at Risk 
People interacting with the 
coast (fishermen, tourists, 
walkers) 
Vulnerability 
- Perception of 
hazards 
- Swimming ability 
- Walking/ fishing 
location 
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The increasing incidences of drowning on rock coasts indicate that immediate research is 
required so the general public can be educated of these risks. The areas in which morphology 
is being studied, combined with the high rate of drowning occurrences in the rock fishing 
demographic will form the basis of risk analysis.  
Relating these drownings to particular platforms, or even position upon a platform is complex 
as this information is not stated in records. Information of drowning occurrences, particularly 
rock fishermen will allow platform morphology to be related to areas with high numbers of 
drowning. 
Table 2.1 - Drowning incidences in Australia within the last 20 years. Sourced from the National Drowning 
Report 1994-2015. Royal Lifesaving Australia. 
Year. Total Number 
of Drowning 
Incidences in 
Australia. 
Number of 
Male-Female-
Unknown 
gender 
drownings. 
Number of 
Drowning 
Incidences that 
occurred on rock 
coasts in 
Australia. 
Number of 
Drowning 
Incidences in 
NSW. 
# of rock 
coast 
drownings/ 
Total 
drownings. 
2014/15 271 216-55-0 23 100 23/271 = 8.4% 
2013/14 266 215-51-0 20 90 20/266 = 7.5% 
2012/13 291 238-53-0 23 104 23/291 = 7.9% 
2011/12 284 232-52-0 26 105 26/284 = 9.1% 
2010/11 315 241-71-0 10 107 10/315 = 3.1% 
2009/10 314 214-63-0 24 110 24/314 = 7.6% 
2008/09 302 234-68-0 9* 104 9/302 = 2.9% 
2007/08 261 204-57-0 5* 93 5/261 = 1.9% 
2006/07 277 202-75-0 7* 111 7/277 = 2.5% 
2005/06 265 220-45-0 11* 102 11/265 = 4.1% 
2004/05 259 192-60-7 6* 104 6/259 = 2.3% 
2003/04 277 212-59-6 9* 107 9/277 = 3.2% 
2002/03 250 200-50-0 7* 81 7/250 = 2.8% 
2001/02 251 199-52-0 7* 97 7/251 = 2.7% 
2000/01 269 220-49-0 8* 80 8/269 = 2.9% 
1999/00 296 242-54-0 N/A 69 N/A 
1998/99 305 236-69-0 N/A 102 N/A 
1997/98 326 257-69-0 N/A 115 N/A 
1996/97 342 269-73-0 N/A 119 N/A 
1995/96 292 234-58-0 N/A 100 N/A 
1994/95 313 263-50-0 N/A 94 N/A 
Total 6827 5581-1233-13 195 2094 195/6827 = 
2.8% 
N/A = Number not documented      * = Rock fishing incidents only, other prior activity to drowning not noted. 
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Through analysis of the National Drowning Reports, it is evident that previous to 2009/10 the 
RLSA and SLSA focused their efforts on reducing drownings on beaches. Successfully 
implementing the use of lifeguards, designating flags to swim between where it is safest and 
the constant level of surveillance at beaches ensuring help for people who are in danger. 
From 2009/10 onwards rock coast drowning incidences increased, the reports focus more on 
rock coasts; the key findings were as follows: 
Table 2.2 - Key findings of rock coast drowning incidences in Australia 2009-15. From The National Drowning 
Report 2009-15. Royal Lifesaving Australia. 
Year Key findings 
2009/10 - 24 people drowned in rock coast settings (12 was the 10 year average). 
- 34% of drownings in males aged 18-34 were attributed to rock coast 
settings. 
- 26% of elderly people (55+) drowning incidences were attributed to rock 
coast settings. 
2010/11 - 10 of the total drowning incidences occurred in rock coast settings. 
- 2% attributed to rock fishing. 
- 3% attributed to rock fishing. 
2011/12 - 26 people drowned in rock coast settings. 
- 6% of total drowning activities attributed to rock fishing. 
- 11% of drowning deaths attributed to rock fishing. 
- 4% attributed to rock fishing. 
2012/13 - 23 deaths occurred in rock coast settings. 
- Rock fishing accounts for 5% of total drownings. 
2013/14 - 20 drownings occurred in rock coast settings. 
- 4% attributed to rock fishing just before death. 
- Rock fishing accounts for 6% of total drowning incidences. 
2014/15 - 23 drownings occurred along rock coasts. 
- 17 per year (10 year average). 
- Rock fishing accounts 5% of the death toll. 
- 4 people lost their lives during multiple fatality events. 
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2.1. Rock fishing and risk. 
The key findings from the National Drowning reports (RLSA, 2009-2015) show that the 
number of rock coast drowning occurrences is not declining. Rock fishing is considered 
Australia’s deadliest sport (Campion, 2011). Drowning incidences of rock fisherman have 
been recorded as occurring at greater numbers than any other type of fishing (Table 2.3). This 
is due to the physical environment of rock coasts and specifically, the interaction between 
rock coasts and waves. The ocean is an unpredictable environment and can change in an 
instant (Figure 2.1); the often unpredictable nature of waves poses the greatest risk to rock 
fishermen. 
Table 2.3 - Drowning Fatalities by RLSSA Region Source: © Royal Life Saving Society – NSW 2011 
 Hunter Illawarra Northern Riverina Sydney Western Unknown Tot
al 
Other Fishing 5 5 5 2 4 0 0 21 
Fishing from a 
Water-craft 
4 15 6 9 9 1 0 44 
Rock Fishing 10 10 3 0 30 0 1 54 
Total 19 30 14 43 43 1 1 119 
 
      
Figure 2.1- Port Kembla southern headland: south. A) Fishermen were observed fishing close to the seaward 
edge on the 10th of January 2016 at 10:55 am after a high tide of 1.79 metres at 9:11 am. B) 10:56 am, a wave 
has washed over the platform edge. This shows the process of wave overwash, which is a major factor of risk to 
people interacting with the coast. Taken by Callum Laker 10.01.2016 
There are various features along shore platforms that make a platform slippery and unstable. 
Various biota grow on shore platforms which provide a slip hazard, in addition to the 
differing rates of erosion that create uneven surfaces (Figure 2.3). Rock fishing drownings 
A B 
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quite often occur on days of calm ocean and wind conditions as people will underestimate the 
hazards that are present. Accidents that occur on rock coasts may not end in drowning and as 
such, these are not always reported or recorded. The recreational fishing survey in the RLSA 
Recreational Fishing report (2011) showed that close to a quarter of respondents have had to 
rescue someone else while fishing. These non-fatal incidents are often not considered when 
dealing with rock coast risk assessment and the number of these incidences could be far 
greater than those ending in drowning.  
 
 
        
Figure 2.2 - A) Catherine Hill Bay north: Various species of sea moss thrive on shore platforms and can 
produce a slipping hazard. Taken by Callum Laker, 3/02/2016. B) Port Kembla south – north. Differing rates of 
erosion acting on a platform surface can produce an uneven platform, with varying tide portions of the platform 
surface will become submerged and the rest can provide a slip hazard. Taken by Callum Laker 10.01.2016 
 
 
The alarming number of drowning incidences that occur on rock coasts has also attracted the 
concern of the NSW police and local councils. For this reason an Inquest was made into the 
deaths of nine rock fishermen by the NSW Coroners Court between 2012 and 2015. The 
primary purpose of this Inquest was to ascertain what more could be done to make this 
activity safer for rock fisherman and to prevent the fatalities from continuing. The results 
from the inquest are summarised in Table 2.4. The locations of drowning incidences in the 
Inquest indicate that some locations may pose higher risk than others, with seven of the nine 
drownings occurring at Sydney and Central Coast regions. The Central Coast drownings 
occurred along a stretch of coastline near Catherine Hill Bay which has tragically claimed the 
lives of 16 people, mostly rock fishermen, in the last 8 years (Murray, 2015). These fishing 
locations near Catherine Hill Bay and Avoca Beach as well as many fishing locations within 
A B 
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the Randwick local government area in Sydney are considered as “black spots” for fishermen 
(SLSA 2009, 2015; RLSA, 2012). These black spot fishing locations are isolated and may 
provide a higher level of risk. It is for this reason that this study will focus on these particular 
platforms of seemingly increased risk.  
Table 2.4 – Coronial Inquest into the deaths of nine rock fisherman 2012-2015. From Forbes, Deputy State 
Coroner, 2015. 
Date of drowning Factors attributed to drowning Location of drowning 
July 18th 2012 Swept into the water while engaged 
in rock fishing 
Cape Banks, La Perouse 
November 1st 2012 Immersion in a person with coronary 
atherosclerosis and cardiac 
amyloidosis, how he became to be in 
the water is unknown 
North Curl Curl, Sydney 
November 11th  
2013 
Falling 4-5 metres from a rock ledge 
into water while engaged in rock 
fishing 
Little Bay, Malabar, 
Sydney 
December 23 2013 Falling 4-5 metres from a rock ledge 
into water while engaged in rock 
fishing. 
Mermaid’s Inlet, 
Currarong 
January 2-3 2013 Drowning while engaged in rock 
fishing, unknown how he came to be 
in the water. 
Turner’s Beach Yamba 
April 25th 2014 Attempting to save a friend who had 
been swept into the water while 
engaged in rock fishing. 
Wybung Heads, Lake 
Munmorah State 
Conservation Area 
April 25th 2014 Attempting to save a friend who had 
been swept into the water while 
engaged in rock fishing. 
Wybung Heads, Lake 
Munmorah State 
Conservation Area 
23rd August 2014 Swept into the water while engaged 
in rock fishing 
North Curl Curl, Sydney 
February 1st 2015 Swept into the water causing a head 
injury ending in drowning 
Snapper Point, Frazer 
Park, Lake Munmorah 
State Conservation Area 
 
Forbes (2015) stated in the Inquest that none of the nine deaths of rock fishermen occurred on 
days with warnings for dangerous weather conditions, and many of the deceased were 
experienced rock fishermen. These facts are reflected in the research review into rock fishing 
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within NSW, conducted by Transport and Road Safety and the University of NSW in 2012. 
The report stated that of the 74 deaths in NSW between 1992 and 2000, the majority of 
drownings were of experienced rock fishermen and 94% of them became submerged after a 
large wave engulfed the area in which they were standing. In viewing statistics like these it is 
clear that experience, information and education will only make up part of the solution in 
preventing rock fishing deaths. The prominent cause of drownings for rock fishermen is the 
combination of a large, usually unexpected wave plucking the fisherman from a platform into 
the sea, following immersion the fishermen is not able to stay afloat long enough for 
assistance to reach them. Rock fishing locations, particularly those considered “black spots”, 
are by nature isolated and away from direct assistance. It is also evident that tidal, wave and 
weather conditions at a presumed safe location for rock fishing can rapidly change and 
become dangerous. These indicate that the best safety precaution for being unexpectedly 
swept into the ocean is a life jacket, able to fishermen buoyant until assistance can reach 
them. This coronial inquest (Forbes, 2015) concluded that it in reviewing evidence of these 
drownings, it is desirable and in the interests of public health and safety for the introduction 
of legislation requiring mandatory use of life jackets by those engaging in rock fishing. In 
early 2016 the NSW government announced they would be introducing legislation for the 
mandatory use of life jackets for rock fishermen in “high risk areas”. In addition to informing 
and educating the public, proper safety precautions (e.g. personal protective equipment 
(PPE)) and a better understanding of how morphology and process influence risk is 
paramount.  
The broad range of demographics and fishing locations make risk assessment difficult for 
rock coasts, however SLSA (2012) breaks down the problems in mitigating risk for coastal 
environments into four categories;  
1) Lack of knowledge, disregard for or misunderstanding of the hazard. 
2) Uninformed or unrestricted access to the hazard.  
3) Inability to cope once in difficulty. 
4) Lack of supervision or surveillance. 
 
It is important to address the lack of knowledge in regards to potential hazards in rock coast 
environments. This is evident when viewing data from the NSW Recreational Fishing Report, 
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fishing survey (RLSA, 2011) in which over 50% of respondents did not state or were 
unaware of any fishing safety materials or campaigns. Uninformed rock fishermen may take 
unnecessary risks without realising the dangers. Signage present warning of risks involved 
and advising proper safety precautions is a great way to inform the public. Figure 2.3 shows 
different signage to inform the public on risk when rock fishing. This lack of knowledge and 
unrestricted access to areas of increased hazards gives potential for increased risk.  
        
       
Figure 2.3 – Signage warning of rock fishing hazards. A) Shock signage has been utilised by the Randwick City 
Council (Sydney) indicating the number of deaths that have occurred while rock fishing at black spot fishing 
locations. Also lists the hazards present and the need to wear a life jacket. From Daily (2015). B) Snapper Point 
(Central Coast) has erected signage warning of the hazards present, recommending the use of a life jacket and 
informing that rescue equipment is available. Photo taken by Lorimer, P. Noone & Keene (2015).C) Port 
Kembla south. Signage warns of rock coast hazards present D) Plaque is quite small and could be missed, 
smaller signage could attributed to much lower occurrences of drowning at this location. Taken by Callum 
Laker, 10/01/2016. 
A B 
C 
D 
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Once a person is placed in an emergency situation, their inability to cope may lead to 
drowning of themselves or others. A major factor that contributes to coping ability is the use 
of PPE. The NSW Recreational Fishing Report (RLSA, 2011) stated that of the 54 rock 
fishing fatalities, 49 (91%) of the cases showed no evidence of PPE.  PPE is designed to keep 
someone safe while rock fishing, and may refer to items such as spiked boots for grip and 
lightweight clothing like a spray jacket to swim more freely if swept into the ocean. Most 
importantly, however, is the use of a personal flotation device such as a life jacket. 
Observations in the field show varying degrees of PPE (Figure 2.4). 
      
 
Figure 2.4 – Personal protective equipment. A) Coalcliff northern platform. A fisherman was observed utilising 
no PPE (no life jacket or shoes), wind, ocean and weather conditions were calm; Tide was rising to a high of 
1.45m at 2pm. Taken at 11:56am by Callum Laker, 17/01/2016. B) Avoca Beach north. A fisherman was 
observed utilising minimal PPE (shoes with grip but no life jacket), ocean conditions were relatively calm, with 
moderate winds and light rain also observed; Tide was lowering to of 0.64m at 12:32pm. Taken at 10:34am by 
Callum Laker, 4/02/2016. C) Port Kembla north. Two fishermen were observed fishing utilising full PPE (life 
jackets, spray jackets and spiked shoes), wind, weather and ocean conditions were observed as calm. Tide was 
lowering from 1.79m at 9:11am to 0.2m at 3:13pm. Taken at 12:13pm by Callum Laker, 10/01/2016.  
A B 
C 
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Also available for safety is equipment such as angel rings, these life buoys are installed at many 
popular fishing locations across NSW as shown in Figure 2.5. The Angel Ring Project is operated by 
the Australian National Sportfishing Association (ANSA), the slogan stated on their website is “Angel 
Rings Save Lives”. (n.d.) retrieved from http://angelrings.com.au/   
      
      
Figure 2.5 – Angel rings. A) Avoca Beach northern platform angel ring. Taken by Callum Laker, 4/02/2016. B) 
Coalcliff northern platform angel ring. Taken by Callum Laker, 17/01/2016. C) Port Kembla northern platform 
angel ring. Taken by Callum Laker, 10/01/2016. D) Catherine Hill Bay south – northern headland, Angel ring 
was observed to be absent. With the high number of drowning occurrences within this region, it could be that it 
has been used for a rescue and/ or been lost or damaged in the process. Another reason could be theft or 
vandalism, which has been a constant issue for this type of rescue equipment (SLSA, 2012). Taken by Callum 
Laker, 3/02/2016. 
The use of PPE and safety equipment is important for rock fishermen. This is evident when 
interpreting the Recreational Fishing report (RLSA, 2011). The analysis of 54 rock fishing 
deaths showed that 34 could have potentially been saved and a further 6 would have been 
saved with the utilisation of a life jacket or angel ring. Making an almost 75% prevention 
rate.  
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 The surveillance necessary is impossible to achieve due to the massive scale of the coastline. 
It was also stated that 15% of rock fishermen still fish alone (RLSA, 2011) Fishermen are 
clearly not prepared for emergency situations, as almost a quarter of survey respondents have 
had to rescue someone else whilst they have been fishing , along with two thirds not having a 
current first aid certificate. These four categories form the basis of the problems that need to 
be addressed in mitigating rock coast hazards.  
Australia currently lacks a management plan for rock coasts. In comparison, Australian 
beaches coastal safety is outlined in the Australian Beach Safety and Management Program 
(ABSAMP), which relies on a thorough understanding of how beach systems work. A six 
state morphodynamic model developed by Wright and Short (1984) demonstrates the 
accretionary and erosional progression of a beach. This model shows the impact of constant 
wave energy on a beach, and subsequently allows us to identify and mitigate hazards. 
Beaches can include morphological hazards, such absolute and variable water depth as well 
as permanent hazards such as headlands, rocks or reefs (Brander., MacMahan., 2010) The 
major hazard for beach systems is rip currents, which are strong, narrow seaward flows of 
water that extend from near the shoreline to out beyond the surf zone (Short & Brander, 
2014). This knowledge of beach hazards allows a hazard rating system of 1 to 10, with 1 
being low hazard and 10 being high. The most hazardous beaches are wave dominated 
dissipative beaches at 8-10 (Shore & Brander, 2014). This model has become quite advanced 
and is able to deliver real-time information on beaches directly to devices such as mobile 
phones through products such as the Beachsafe AppTM (Kennedy et al. 2012). As well as 
Australia, beach safety and management programs have also been successfully implemented 
in New Zealand and the United Kingdom. This came to fruition through four stages:  
1. Detailed description of the morphology of a series of “beach types” in NSW.  
2. Concentrated research on the relationships between wave processes and morphodynamics                 
at key sites. 
3. Extension of the morphodynamic classification of beaches around Australia. 
4. The development of a hazard scheme in conjunction with SLSA. 
Morphodynamics is the feedback that occurs between hydrodynamic processes and 
landforms. So for beaches, as wave energy increases it causes more sediment to be eroded 
from the beachface and transported to the surf zone. This results in the beach profile 
 
 
43 
 
flattening and surf zone bars move offshore. This in turn forces waves to break further from 
the beachface, thus reducing the amount of energy available to transport sediment 
(Woodroffe, 2003). As a beach profile adjusts in wave energy and sediment budget, hazards 
such as rips currents are created, a major risk factor of beach ecosystems.  
A similar morphodynamic approach to beach hazards could be used when dealing with rocky 
coast risk assessment. Rock coasts, however, are most likely, static features, unable to adjust 
their morphology during a storm as sandy beaches do. So the focus should be on the varying 
morphologies and how these morphologies affect wave energy, as wave energy varies so will 
level of risk. Morphology characteristics such as elevation, width, gradient, lithology, surface 
roughness and orientation or exposure to waves may all play a role in risk. As Forbes (2015) 
stated in the coronial inquest, the majority of rock fishing drownings occurred after the 
person was swept into the ocean by a large wave. This exposure to waves as a key factor of 
risk for rock coasts makes up a crucial part of the larger research project “Rocky coasts: a 
framework for risk assessment in order to reduce drowning” to which this study contributes 
to. Kennedy et al. (2013) attempted to quantify this hazard of waves on rock coasts, by 
working towards a similar model that has been implemented for beach safety.  
Kennedy et al. (2013) stated that in terms of shore platforms wave height at the platform edge 
could be considered to be the most important parameter, as this is what sweeps people into 
the sea. Calculating wave height at the platform edge is difficult and expensive; the 
instruments used to measure this would need to be deployed in a dangerous environment at a 
local scale for extended periods of time. Kennedy et al. (2013) identifies that bathymetry just 
offshore of a platform varies significantly in a longshore direction. Due to these complexities, 
front depth was used as the proxy for wave energy, in a similar way of studies by Sunamura 
(1991, 1992). Kennedy et al. (2013) suggests that wave energy acting on the platform edge 
(Hpe) could be calculated using deep water significant wave height (Hs) and the depth in front 
of a platform (FD); As a function: Hpe = f (Hs, FD). 
However, Kennedy et al. (2013) also states that wave height will not be the sole determinant 
of hazard as shore platforms occur at varying elevations. Acknowledging this, platform 
elevation and tidal range will be influential in determining how long a platform is subject to 
marine processes, as well as the size of the waves that will transfer across the surface. For 
example, platforms formed at low tide elevation will be exposed to wave processes 
throughout the entire tidal cycle at varying locations along their width. In contrast platforms 
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forming at higher tide elevation will only be subject to wave processes at high tide. Kennedy 
et al. (2013) proposes that shore platform hazard (SPH) can thus be considered as a 
relationship between wave height at the platform edge (Hpe) and platform elevation (SPe); so 
as a function:  
SPH = f (Hpe, SPe). 
Kennedy et al. (2013) further claims that low elevation platforms will not necessarily be more 
hazardous than higher elevations. The size of the seaward edge is proposed to determine how 
much wave energy will reach the platform edge. Research at the Bay of Islands (Kennedy et 
al., 2011), Shag Point (Kennedy & Dickson, 2006) and Wellington (Kennedy & Beban, 2005) 
in New Zealand; and Lorne and Middle Harbour, Sydney (Kennedy, 2010) in Australia; 
Kennedy et al. (2013) concluded that for wave energy impact upon a platform edge, the depth 
at the base of the seaward edge appears to be more influential than the height of seaward edge 
itself. Due to the difficulties in calculating an accurate platform edge height, the previous 
equations proposed by Kennedy et al. (2013) are stated to substitute parameters from each, 
giving: 
SPH = f (Hs, FD, SPe) 
Platforms of lower elevation will experience more frequent wave overtopping, whereas those 
with deeper water closer to shore will experience a higher amount of wave energy (Kennedy 
et al., 2013).This relationship of shore platform elevation and the depth at the seaward edge 
(front depth) is termed “morphological exposure” (Kennedy et al., 2013) and has potential for 
development of hazard rating of rocky shores. This will be discussed in further detail in a 
later section of this study.  
The larger scale project “Rocky coasts: a framework for risk assessment in order to reduce 
drowning” aims are as follows: 
1. Develop a morphological model for the rocky coast in order to determine their 
exposure to waves. 
2. Develop a methodology to assess rocky coast wave exposure.  
3. Model the morphological exposure of the Australian rocky coast to waves. 
4. Quantify the perception of rocky coast hazards in order to better communicate rocky 
coast risk to coastal users and managers.  
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Further research like that of Kennedy et al. (2013) into wave energy interaction with varying 
shore platform morphologies will allow the development of a risk classification system much 
like that of the beach safety and management plan in Australia (ABSAMP). This study will 
focus on morphology, particularly elevation, and how waves will interact with these varying 
morphologies at different tide levels will provide a preliminary basis for classifying risk.  
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Chapter 3.  Study Area and Methods 
 
The methods that are used in this study have been chosen following a detailed literature 
review. By utilising geospatial data and combining these with field observations, new 
insights into platform morphology will be gained. An attempt is made to find a relationship 
between varying shore platform morphology, and the similar or differing boundary conditions 
present. Furthermore, analysing morphology, and comparing this with information on 
drowning incidences within NSW should provide the basis to a classification of risk for 
differing platform morphologies. Combining aspects of morphology, namely elevation, width 
and slope with information on environmental conditions, particularly wave action, will give a 
preliminary assessment of risk for varying shore platform morphologies. 
The platforms analysed in this study are predominantly located on headlands, with pocket 
beaches occurring between these adjoining rock coast headlands. The platforms vary in 
elevation above sea level, width, slope and form but predominantly platforms in this area are 
characterized by a sub-horizontal form (type B platforms, Sunamura, 1992). Relationships 
between morphology and process are complex due to the large variations in each operating on 
different spatial and temporal scales.  
The methods used to analyse platform morphology will be explained in further detail. 
However, a brief summary of the study area’s location, geology, climate and ocean 
conditions is first provided to demonstrate the variation in physical and environmental 
conditions experienced by each platform.  
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3.1 Environmental conditions of Study Area 
 
3.1.1 Study Area Location  
The locations chosen for this project all lie within New South Wales, with three locations 
being studied within the Illawarra region (Port Kembla, Wollongong and Coalcliff), six 
locations within the Sydney region (La Perouse, Kurnell, Malabar, Maroubra, Dee Why, 
North Curl Curl) and two locations within the central coast region (Avoca Beach and 
Catherine Hill Bay) as shown in Figure 3.1. Central Coast sites are located approximately 40 
kilometres of one another. Catherine Hill Bay sites are located within a five km stretch of 
coastline, with some platforms being within fifty metres of each other. Platforms analysed 
within the Sydney region are located along a 30 km stretch of coastline from Kurnell to Dee 
Why. Platforms studied within the Illawarra region are all located along a 25km stretch from 
Port Kembla in the South to Coalcliff in the north. 
 
Figure 3.1 - Google Earth View of study area and locations. Map data ©2015 Google 
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3.1.2 Geology 
The geology of these locations varies at a regional and local scale, however all exist within 
the expansive sedimentary Sydney Basin, indicating all lithologies present will be of 
Permian-Triassic age. Platforms located within the Illawarra region vary with location, as 
Port Kembla, the furthest south set of platforms studied exists of latite and sandstone units. 
Flagstaff Hill (Wollongong) and Coalcliff comprise only of sandstone units. Study locations 
within the Sydney region are also composed and dominated by sandstone outcrops. In the 
Central Coast, the rock coast at Avoca Beach is made up of interbedded laminate rock units, 
whereas Catherine Hill Bay, the most northern site being studied, is composed of 
conglomerate. Table 3.1 presents a detailed description of lithology by site.  
Table 3.1 – List of study sites and their lithological and geological characteristics. 
Location Lithology Geological 
Unit 
Sub-
Group 
Group Epoch 
Deposit
ed 
Period 
Deposit
ed 
Era 
Deposited 
Port 
Kembla 
Melanocratic, Coarse-grained 
and porphyritic latite 
& 
Red, brown and grey lithic 
sandstone 
Dapto Latite 
Member 
& 
Budgong 
Sandstone 
 
 
- 
Shoalhaven 
Group 
- Permian Palaeozoic 
Flagstaff 
Hill 
Red, brown and grey lithic 
sandstone 
Budgong 
Sandstone 
 Shoalhaven 
Group 
- Permian Palaeozoic 
Coalcliff Fine to medium-grained 
quartz-lithic sandstone 
Coalcliff 
Sandstone 
Clifton 
Subgroup 
Narrabeen 
Group 
 Permian Palaeozoic 
Kurnell Medium to coarse-grained 
quartz sandstone, very minor 
shale and laminate lenses. 
Hawkesbury 
Sandstone 
- Wianamatta 
Group 
Middle 
Triassic 
Triassic Mesozoic 
La 
Perouse 
Medium to coarse-grained 
quartz sandstone, very minor 
shale and laminate lenses. 
Hawkesbury 
Sandstone 
- Wianamatta 
Group 
Middle 
Triassic 
Triassic Mesozoic 
Malabar Medium to coarse-grained 
quartz sandstone, very minor 
shale and laminate lenses. 
Hawkesbury 
Sandstone 
- Wianamatta 
Group 
Middle 
Triassic 
Triassic Mesozoic 
Maroubra Medium to coarse-grained 
quartz sandstone, very minor 
shale and laminate lenses. 
Hawkesbury 
Sandstone 
- Wianamatta 
Group 
Middle 
Triassic 
Triassic Mesozoic 
North 
Curl Curl 
Medium to coarse-grained 
quartz sandstone, very minor 
shale and laminate lenses. 
Hawkesbury 
Sandstone 
- Wianamatta 
Group 
Middle 
Triassic 
Triassic Mesozoic 
Dee Why Medium to coarse-grained 
quartz sandstone, very minor 
shale and laminate lenses. 
Hawkesbury 
Sandstone 
- Wianamatta 
Group 
Middle 
Triassic 
Triassic Mesozoic 
Avoca 
Beach 
Interbedded laminate, shale, 
fine- to coarse-grained quartz 
to- quartz-lithic sandstone and 
minor red claystone 
Terrigal 
Formation 
Gosford 
Subgroup 
Narrabeen 
Group 
Middle 
Triassic 
Triassic Mesozoic 
Catherine 
Hill Bay 
Conglomerate, tuff, siltstone, 
claystone, black coal 
- Moon 
Island 
Beach 
Subgroup 
Newcastle 
Coal 
Measures 
Late 
Permian 
Permian Palaeozoic 
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3.1.3 Climate 
The east coast of NSW lies within a temperate zone and experiences a moderate climate with 
minimal seasonal variations in rainfall. In Koeppen’s climate classification it is Cfa (humid 
subtropical). Average maximum temperatures for this part of the coast of NSW range from 
26 °C in to 16 °C in winter, where average minimum temperatures fall between 19 °C in 
summer and 6 °C in winter (Bureau of Meteorology, 2015). Temperatures vary slightly 
between study regions, and these temperatures are higher than past averages, highlighting the 
effects of accelerated climate change. Average annual rainfall for all three regions ranges 
between 1000-1500mm (Bureau of Meteorology, 2015) and there is no distinct wet season. 
However, the study locations are categorised by intense downpours within short periods. For 
example, the 1984 rainstorm in Dapto (15 kilometres south of Wollongong) produced one of 
the largest 24 hour rainfall records ever recorded in temperate Australia (Nanson & Hean, 
1985). These climatic extremes must be considered in places prone to mass movement as 
they play an important role in slope process, exacerbating mass movement processes along 
rock coasts (Savage, 1968). Intense rainfall does not, however, seem to influence shore 
platform morphology.  
Wind speed and direction data for the Sydney coastal region has been collected over 65 years 
(1939-2004) by the Bureau of Meteorology (2004). This information approximates the wind 
conditions for all three regions of study; table 3.2 shows annual wind intensity and direction. 
Table 3.2 - Seasonal wind conditions for the southern Sydney coastal region. From the Bureau of Meteorology 
(2004) 
Seasonal Period Dominant Wind Regimes 
Summer (January, February, 
March) 
Light – moderate NE – SE winds 
Autumn (April, May, June) Light-moderate NE-SE, Westerly winds and Strong Easterly 
Gales 
Winter (July, August, September) Strong SW-NW and SE-S winds 
Spring (October, November, 
December) 
Moderate NE-S winds 
 
Seasonal variation shows that onshore winds are common in all but winter months. Data from 
the Bureau of Meteorology (2004) also shows wind direction variation on a daily basis, with 
onshore winds rising throughout the day and offshore winds escalating during the night. 
Wind direction (onshore or offshore) will have an effect on wave energy nearshore. From 
beach observation by researchers in the field, wind speed and direction seem to affect wave 
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shape (skewness & asymmetry), although as of yet this effect has not been quantified near the 
shore (Feddersen & Veron, 2004). Onshore winds can also have an effect on salt weathering 
rates on some platform surfaces. The importance of wind processes is the effect they will 
have on nearshore wave processes, where waves are the key process for both morphology and 
risk, and this is further explained in Chapters 4, 5 and 6. 
3.1.4 Ocean Conditions 
The south-east coast of Australia has been categorised as an east coast swell environment, 
experiencing low to moderate energy south-east swell conditions, which results in both 
depositional and erosional coastal landforms occurring (Davies, 1964). The study locations 
are categorised by microtidal conditions, as shown in Table 3.3. This small tidal range is 
indicative of a concentration of wave energy within a narrow vertical zone, which has been 
proposed to experience the greatest exposure, due to the tidal duration distribution factor 
(Trenhaile & Layzell, 1981; Carr and Graff, 1982). This tidal duration distribution is the tidal 
duration per unit of tidal range, indicating the percentage of time a tidal position may be 
exposed to maximum wave energy.  
Table 3.3 - Table in Tidal Planes for Three Select Locations on the NSW Coast (Australian Hydrographic 
Service, 2011) (after SMEC 2013) 
 
Tidal Plane 
Water Level (m AHD) 
Yamba (North Coast) Eden (South Coast) Sydney  
Highest Astronomical Tide (HAT) 1.01 1.18 1.18 
Mean High Water Springs 
(MHWS) 
0.64 0.64 0.69 
Mean High Water Neaps 
(MHWN) 
0.38 0.44 0.44 
Mean Sea Level (MSL) -0.04 0.07 0.06 
Mean Low water Neaps (MLWN) -0.30 -0.30 -0.32 
Mean Low Water Springs 
(MLWS) 
-0.63 -0.51 -0.57 
Lowest Astronomical Tide (LAT) -0.90 -0.92 -0.92 
 
Direction and magnitude of ocean swell are both important factors to be considered for rock 
coasts as wave action plays a vital role in shaping morphology. Various studies describe 
wave direction and power, often utilising open ocean wave buoy data, which provides the 
most accurate representation of ocean conditions to date. Mortlock and Goodwin’s (2015) 
analysis of wave data for buoys at Sydney, Byron Bay and Brisbane provides considerate 
insight into current wave power along the east coast of NSW and is summarised in Table 3.4. 
They identified three directional wave fields of the modal wave climate from buoy locations; 
one from the east (mode 1), another spanning east-south-east (mode 2) and a third spanning 
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through south-east through to south-south-east. Data during storms was also treated as 
separate from modal wave conditions as the two exhibit different distributions, due to 
different underlying physical drivers (Holthuijsen, 2007). These seasonal variations in 
dominant wave direction are also apparent in data from the Manly Hydraulics Laboratory 
(MHL) and the Office of Environmental Heritage (OEH), (Kulmar et al. 2013) shown in table 
3.5. 
Table 3.4 - Mean seasonal wave power, Pw (kW m-1) and total seasonal energy flux, Ew (GJ m-1) per wave 
climate for Sydney and Byron Bay buoys (2000-2013). Source: Mortlock & Goodwin (2015). 
 Sydney Byron Bay 
Pw  n  
(Average number of days per season) 
Ew  Pw n Ew 
Austral winter (JAS = 92 days) 
Mode 1 9.4 23 18.3 9.9 39 33.1 
Mode 2 10.0 8 7.2 13.2 12 13.7 
Mode 3 14.0 52 63.3 19.6 35 59.0 
All storms 58.9 9 44.0 64.8 6 34.7 
Total modal energy   88.8   105.8 
Austral Summer (JAS = 90 days) 
Mode 1 9.2 28 22.7 8.4 29 20.6 
Mode 2 12.4 34 36.1 13.9 39 46.7 
Mode 3 18.6 24 38.1 19.7 12 20.7 
All storms 50.2 4 16.5 48.6 10 43.7 
Total modal energy   101.2   88.0 
 
The classification by Davies (1964) gives little importance to the modification of shorelines 
produced by low frequency (extreme) storm waves that are generated by mid-latitude 
cyclones in the South Pacific Ocean and Tasman Sea. The short period, higher waves 
produced play a role in modifying NSW coastal morphologies. A wave buoy deployed by the 
Maritime Services, located just offshore of Botany Bay has been analysed by Trenaman and 
Short (1987). From the years 1971-1985 seasonal variations in wave parameters off the 
Sydney coast were analysed. They proposed an annual mean wave height of 1.53 m with a 
period of 8.3s; wave heights exceeded 1 m 80% of the time whereas wave heights exceeded 
4m approximately 1 % of the time. These findings are strengthened when viewing research 
by Kulmar et al. (2013) on wave height exceedance (Table 3.6). Trenaman and Short (1987) 
also indicated the importance of recognising the driving climatic factors producing waves. 
With sea breezes being the dominant factor in summer, tropical cyclones remnants and mid 
latitude cyclones in autumn, mid latitude cyclones and westerlies in winter and southern 
ocean lows and mid latitude westerlies in spring. With wave power reaching its maximum in 
autumn and winter (3.07W/m and 3.02W/m respectively) 
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Table 3.5 - NSW Wave Direction Occurrence:  
All Stations to 31 March 2013. From Kulmar et al. (2013).  
Wave Direction Crowdy Head (%) Sydney (%) Port Kembla (%) 
NNE 0.197 0.115 0.670 
NE 3.703 3.058 3.759 
ENE 6.670 9.181 9.900 
East 17.186 11.181 10.923 
ESE 17.414 10.490 10718 
SE 16.921 16.626 19.185 
SSE 23.757 29.481 27.242 
South 12.247 18.289 14.533 
SSW 1.639 1.169 1.191 
SW 0.258 0.082 0.093 
Avg Dirn (º T.N) 127.47 134.42 132.48 
Start Date 19-Aug-2011 03-Mar-1992 20-Jun-2012 
Record (years) 1.62 21.09 0.78 
No. Records 13,179 152,671 5,374 
Capture % 92.91 86.15 79.43 
 
Table 3.6 - NSW Wave Height Exceedance: 
All Stations to March 201. From Kulmar et al. (2013) 
Hsig (m) Crowdy Head (%) Sydney (%) Port Kembla (%) 
0.5 99.930 99.807 99.776 
1.0 85.419 83.774 82.919 
1.5 46.931 46.922 45.021 
2.0 22.057 22.716 20.935 
2.5 9.875 10.577 9.629 
3.0 4.514 5.249 4.347 
3.5 2.171 2.597 1.963 
4.0 1.015 1.297 0.887 
4.5 0.480 0.661 0.423 
5.0 0.203 0.320 0.208 
5.5 0.084 0.168 0.094 
6.0 0.032 0.071 0.040 
6.5 0.005 0.026 0.013 
7.0 0.001 0.013 0.006 
7.5 0 0.004 0.002 
8.0 0 0.003 0.002 
Avg. Hsig (m) 1.61 1.62 1.58 
Start Date 10-0ct-1085 03-Mar-1992 07-Feb-1974 
Record (yrs) 27.49 21.09 39.17 
No. Records 205,994 152,671 231,977 
Capture (%) 85.51 86.15 83.48 
 
Major storm events can cause substantial erosion to beach ecosystems, as seen during the 
1974 storms in the Illawarra region where waves up to 7 m high were generated (Bryant and 
Kidd, 1975). These higher waves with a short wave period, however, seemed to have little 
effect on shore platforms within the Sydney or Illawarra regions (Young and Bryant, 1992). 
In contrast to this storm waves during July 1912 eroded platforms at Bondi, when a sandstone 
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block weighing 235 tonnes was broken off the front of one platform (sea level), and carried 
up 3 m and across almost 50 m onto another platform (Sussmilch, 1912). As no further mass 
erosion has occurred at Bondi and these blocks have not been moved, it would appear these 
wind generated waves causing these quick platform erosion events have a large recurrence 
interval. These extreme storm events producing the 1% of waves that exceed 4 m need to be 
considered when viewing and interpreting platform morphology.  
These environmental conditions experienced by the south-east coast of Australia make up the 
boundary conditions for platform morphologies studied.  Particularly important to this study 
is the ocean conditions experienced by platforms. These ocean conditions will be utilised 
with prior research on morphology to describe observed varying morphologies and possible 
processes responsible. Furthermore, ocean conditions such as wave height, direction and 
energy will be combined with tidal data and morphological characteristics analysed to present 
a preliminary classification of risk. The next section outlines the methods used to analyse 
platform morphology. 
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3.2 Methods 
 
Study sites were chosen based on incidences of drownings, in an attempt to define a 
relationship between platform morphology and loss of human life. Sites have been visited 
with field measurements and observations being undertaken. The aim of field measurements 
at sites was to ground truth geospatial data for further analysis. The data used was LIDAR 
point cloud data and aerial photography provided by New South Wales Land and Property 
Information (LPI).  
The specified purpose of the LiDAR elevation point cloud data is stated “To provide fit-for-
purpose elevation data for use in applications related to coastal vulnerability assessment, 
natural resource management (especially water and forests), transportation and urban 
planning” (LPI Metadata). The data provided by LPI was compiled into C3 LAS data sets 
containing point data in LAS 1.2 format sourced from an ALS50 (Airborne Laser Scanner) 
sensor. The processed data has been manually edited to achieve LPI classification level 3, in 
which ground class contains minimal non-ground points. The fundamental vertical accuracy 
of the data is +/- 0.3 cm and the fundamental horizontal accuracy is +/- 0.8 cm, meeting the 
95% confidence interval specified by the Intergovernmental Committee on Surveying and 
Mapping. The reference system used to capture the data was GDA94 (Geocentric Datum of 
Australia)/ MGA56 (Map Grid of Australia) and the vertical datum was AHD71 (Australian 
Height Datum). These reference system specifications were also utilised for all further 
analysis.  
RTK (real Time Kinematic) GPS surveying of ground points (Figure 3.2 and 3.3) was utilised 
for further accuracy checking, and these elevations were compared to LiDAR point elevation 
data and LiDAR derived elevation data (Figure 3.4). LiDAR data showed satisfactory point 
density for the majority of surfaces, with small areas of poor density on select platforms. 
These areas of poor density provided inaccurate data on elevation, so analysis substituted 
field measurements for these values (Figure 3.5). Once accuracy levels had been verified or 
substituted, analysis of platform morphology was possible. Using ArcGIS 10.2 various layers 
were created for analysis. 1m gridded Digital Elevation Models (DEM) as well as 
Triangulated Irregular Networks (TIN) were created at selected sites, these DEM and TIN 
were clipped or extracted to the extent of the platform surface for a better representation of 
elevation.  
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Figure 3.2 - Survey points: Catherine Hill Bay north, NSW LPI Aerial Imagery – Lake Macquarie 2011. 
Copyright © Land and Property Information (2011). 
 
Figure 3.3 – Survey points: Coalcliff north, NSW LPI Aerial Imagery – Wollongong 2008.  Copyright © Land 
and Property Information, (2008)  
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Figure 3.4 – Catherine Hill Bay north - ground verification of LiDAR elevation point data with an average 
point density of 1.7 per square metre. Elevation has been queried in ArcMap for survey point 17 (green), and 
the closest LAS sample point for Catherine Hill Bay north. The survey point (blue) is at 5.06266 m and the 
closest LAS point (red) is at 5.080 m, giving an accuracy of 98.94%. Data: NSW LPI LiDAR – Newcastle 2014, 
Copyright © Land and Property Information (2014). NSW LPI Aerial Imagery – Lake Macquarie 2011, 
Copyright © Land and Property Information (2011). 
        
 Figure 3.5 – Coalcliff north – ground verification of LiDAR elevation point data with an average point density 
of 1.57 per square metre. A) Significant data voids in elevation point data are observed, in ArcMap survey point 
142 was queried (green) to show elevation was recorded at 0.141 m (red). B) The low point density in this area 
gives an inaccurate representation of elevation as shown by the TIN. Elevation was queried for the same 
location as survey point 142, and 1.033 m is indicated (blue), giving an accuracy of only 13.64%. To substitute 
this error, field measurements were substituted for analysis. Data: NSW LPI LiDAR – Lake Cataract 2014, 
Copyright © Land and Property Information (2014). NSW LPI Aerial Imagery – Wollongong 2008, Copyright 
© Land and Property Information (2008). 
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To represent the coast a series of transects were drawn, randomly spaced at each location to 
show variations in morphology both locally and between sites. These profiles were plotted for 
visual inspection, as well as further analysis into elevation, width and slope of platforms. An 
example of this process is shown using La Perouse headland 2 (figure 3.5). Twelve locations 
were studied within the Central Coast, Sydney and Illawarra regions. These locations were 
spilt into 39 platforms and 255 profiles were constructed to show trends in morphology, key 
sites are presented in Chapter 4. 
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Figure 3.6 – La Perouse eastern headland 2. A) Profile locations; B) Profiles 1-7; C) Histogram of elevation. 
Data: NSW LPI Aerial Imagery- Port Hacking 2008, Copyright © Land and Property Information (2008).NSW 
LPI LiDAR derived elevation data – Sydney South 2013 Copyright © Land and Property Information (2013.) 
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3.2.1Platform Elevation 
Elevation for platforms in this study has been calculated from LiDAR derived elevation data 
(e.g. Figure 3.7). As shown in Figure 3.6 profiles were constructed and histograms were 
calculated to present variation in platform elevation. Joint density has also been observed and 
recorded on platform surfaces, as a higher density of jointing has been associated with lower 
platforms. 
 
Figure 3.7 – La Perouse Eastern Headland 1 elevation. NSW LPI LiDAR derived elevation data Sydney South – 
2013, Copyright © Land and Property Information (2013). NSW LPI Aerial Imagery Sydney – 2013, Copyright 
© Land and Property Information (2013). 
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3.2.2 Platform Width 
Platform mean widths in this study have been calculated from LIDAR derived elevation data, 
and aerial photography. Combining LIDAR data with aerial photography gives the best 
interpretation of platform width, however, photograph resolution and the rate of development 
of a platform can make it complex to draw conclusions (Stephenson, 2001). Mean values 
were calculated using multiple profiles widths, profiles were measured from the backing cliff 
or slope to the best interpretation of the seaward edge. Interpretation of the seaward edge has 
been stated to vary (Kennedy, 2015), an example of width calculation in this study is shown 
in Figure 3.8. Key platform profiles used for calculations are presented in chapter 4, and 
others are Appendix 1. Platform mean widths are presented in tables 4.4, 4.5 and 4.6 
 
Figure 3.8 - Example of platform width calculation, normal to backing cliff/ slope and seaward edge.  
3.2.3 Platform Slope 
Platform slope has been calculated from LIDAR derived DEM’s and TIN’s, the backing cliff 
and the seaward edge were utilised in doing this. Problems arise when delineating the 
seaward edge as there are no uniform criteria for defining where this will be (Kennedy, 
2015). Kennedy (2015) concluded that the seaward edge is the point where active erosion of 
bedrock terminates. This was utilised, but again interpretation of this point may vary. It is 
also worth noting that some erosional features, boulder outcrops, man-made structures or 
irregularities on platforms were ignored for a better indication of overall slope. Mean slope of 
platforms is presented in tables 4.7, 4.8 and 4.9. The profiles used for calculations are 
presented below as well as in Appendix 1 
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4. Platform Morphology 
 
Aspects of morphology at sites studied will be discussed in relation to past studies and later 
morphology present will be used to classify risk. Profile graphs used for morphology 
calculations, and histograms at key platforms studied are presented below. All other profiles 
used for analysis can be found in Appendix 1. 
 
 
 
 
Figure 4.1 – Catherine Hill Bay north – northern headland. A) Profile locations; B) Profiles 1-7; Histogram of 
elevation. Data: NSW LPI Aerial Imagery – Lake Macquarie 2011. Copyright © Land and Property Information 
(2011). NSW LPI LiDAR derived elevation data – Newcastle 2014. Copyright © Land and Property Information 
(2014) 
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Figure 4.2 – Catherine Hill Bay north – northern platform 2. A) Profile locations; B) Profiles 1-6; C) 
Histogram of elevation. Data: NSW LPI Aerial Imagery – Lake Macquarie 2011. Copyright © Land and 
Property Information (2011). NSW LPI LiDAR derived elevation data – Newcastle 2014. Copyright © Land and 
Property Information (2014) 
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Figure 4.3 – Catherine Hill Bay north – northern platform 1. A) Profile locations; B) Profiles 1-5; C) 
Histogram of elevation. Data: NSW LPI Aerial Imagery – Lake Macquarie 2011. Copyright © Land and 
Property Information (2011). NSW LPI LiDAR derived elevation data – Newcastle 2014. Copyright © Land and 
Property Information (2014). 
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Figure 4.4 – Catherine Hill Bay north - southern headland. A) Profile locations; B) Profiles 1-4; C) Histogram 
of elevation. Data: NSW LPI Aerial Imagery – Lake Macquarie 2011. Copyright © Land and Property 
Information (2011). NSW LPI LiDAR derived elevation data – Newcastle 2014. Copyright © Land and Property 
Information (2014). 
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Figure 4.5 – Flat Island. A) Profile locations; B) Profiles 1-9; C) Histogram of elevation. Data: NSW LPI 
Aerial Imagery – Lake Macquarie 2011. Copyright © Land and Property Information (2011). NSW LPI LiDAR 
derived elevation data – Newcastle 2014. Copyright © Land and Property Information (2014). 
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Figure 4.6 – Avoca Beach north. A) Profile locations; Profiles 1-7; C) Histogram of elevation. Data: NSW LPI 
Ortho-rectified Imagery – Gosford 2004. Copyright © Land and Property Information (2004). NSW LPI LiDAR 
derived elevation data – Hawkesbury North 2011. Copyright © Land and Property Information(2011). 
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Figure 4.7 – North Curl Curl north. A) Profile locations; B) Profiles 1-6; C) Histogram of elevation. Data: 
NSW LPI Aerial Imagery – Sydney 2013. Copyright © Land and Property Information (2013). NSW LPI LiDAR 
derived elevation data – Sydney North 2013 Copyright © Land and Property Information (2013). 
0
1
2
3
4
5
6
7
8
9
10
11
12
0 10 20 30 40 50 60
el
ev
at
io
n 
(m
) 
distance (m) 
0
1
2
3
4
5
6
7
8
9
10
11
12
0 10 20 30 40 50 60
el
ev
at
io
n 
(m
) 
distance (m) 
0
1
2
3
4
5
6
7
8
9
10
11
12
0 10 20 30 40 50 60
el
ev
at
io
n 
(m
) 
distance (m) 
0
1
2
3
4
5
6
7
8
9
10
11
12
0 10 20 30 40 50 60
el
ev
at
io
n 
(m
) 
distance (m) 
0
1
2
3
4
5
6
7
8
9
10
11
12
0 10 20 30 40 50 60
el
ev
at
io
n 
(m
) 
distance (m) 
0
1
2
3
4
5
6
7
8
9
10
11
12
0 10 20 30 40 50 60
el
ev
at
io
n 
(m
) 
distance (m) 
0
20
40
60
80
100
120
-0.5 0.5 1.5 2.5 3.5 4.5 5.5 More
fr
eq
ue
nc
y 
elevation (m) 
A 
B 
C 
1 2
 
3
 
4
 
5
 
6
 
 
 
68 
 
 
 
 
 
Figure 4.8– North Curl Curl south. A) Profile locations; B) Profiles 1-6; C) Histogram of elevation. Data: NSW 
LPI Aerial Imagery – Sydney 2013. Copyright © Land and Property Information (2013). NSW LPI LiDAR 
derived elevation data – Sydney North 2013 Copyright © Land and Property Information (2013). 
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Figure 4.9 – Coalcliff north. A) Profile locations; B) Profiles 1-7; C) Histogram of elevation. Data: NSW LPI 
Aerial Imagery – Wollongong2008. Copyright © Land and Property Information (2008). NSW LPI LiDAR 
derived elevation data – Sydney North 2013 Copyright © Land and Property Information (2013). 
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Figure 4.10 – Coalcliff south. A) Profile locations; B) Profiles 1-5; C) Histogram of elevation. Data: NSW LPI 
Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information (2008). .NSW LPI LiDAR 
derived elevation data – Lake Cataract 2014, Copyright © Land and Property Information (2014). 
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Figure 4.11 – Port Kembla middle headland. A) Profile locations; B) Profiles 1-7; C) Histogram of elevation. 
Data: NSW LPI Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information (2008). NSW 
LPI LiDAR derived elevation data – Wollongong 2013, Copyright © Land and Property Information (2013). 
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Figure 4.12 – Port Kembla south – north. A) Profile locations; B) Profiles 1-5; C) Histogram of elevation. 
Data: NSW LPI Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information (2008). NSW 
LPI LiDAR derived elevation data – Wollongong  2013, Copyright © Land and Property Information (2013). 
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Figure 4.13 – Port Kembla south – east. A) Profile locations; B) Profiles 1-3; C) histogram of elevation. Data: 
NSW LPI Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information (2008). NSW LPI 
LiDAR derived elevation data – Wollongong  2013, Copyright © Land and Property Information (2013). 
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Figure 4.14 – Port Kembla south- south. A) Profile locations; B) Profiles 1-5;C)  histogram of elevation. Data: 
NSW LPI Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information (2008). NSW LPI 
LiDAR derived elevation data – Wollongong  2013, Copyright © Land and Property Information (2013). 
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Figure 4.15 – Port Kembla south – south-west. A) Profile locations; Profiles 1-6; C) Histogram of elevation. 
Data: NSW LPI Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information (2008). NSW 
LPI LiDAR derived elevation data – Wollongong  2013, Copyright © Land and Property Information (2013). 
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4.1. Platform Elevation 
Profiles and histograms of platforms studied show elevations vary significantly both locally 
and regionally. Modal elevation for all sites is presented in Figure 4.16. ArcGIS software has 
been utilised with high resolution LIDAR data to compare and investigate elevation trends. 
The variation a platform shows locally as well as orientation is summarised in tables 4.1, 4.2 
and 4.3. The vertical datum used for analysing elevation is AHD (Australian Height Datum); 
this datum varies only slightly from mean sea level as seen in Figure 3.3.  
Table 4.1 - Variation in platform elevation for Central Coast sites.  
Platform Elevation 
range (m 
AHD) 
Highest profile location Lowest profile location Orientation of 
platform 
Catherine Hill Bay north – 
northern headland 
2-4 Apex of headland (profile 
4) 
Southern side of 
headland, within 
embayment (profile 1) 
South-east 
Catherine Hill Bay north – 
northern platform 2 
1-4 Southern end (profile 2) Middle section, within 
small embayment 
(profile 4) 
South-east 
Catherine Hill Bay north – 
northern platform 1 
3-6 Northern section, highest 
elevation at foot of cliff 
(profile 4) 
Southern section, large 
headland to the south 
(profile 1) 
South-east 
Catherine Hill Bay north – 
southern headland 
1-3 Apex of headland (profile 
3) 
Southern side of 
headland (profile 1) 
South-east 
Catherine Hill Bay south –
northern beach platform 
0-2 Southern side (profile 2) Northern side (profile 5) North-east 
Catherine Hill Bay south – 
northern headland 
1.5-4 Apex of headland (profile 
4) 
Northern side of 
headland (profile 7) 
North-east 
Catherine Hill Bay south – 
middle headland 
1-3 Apex of headland (profile 
3) 
Northern side of 
headland (profile 4) 
North-east 
Catherine Hill Bay south – 
southern platform 
1-4-5 Northern section, located 
on slight peninsula 
(profile 6) 
Southern most section, 
approaching Moonee 
beach (profile 1) 
South east (profiles 
1,3,4 and 5), east 
(profile 6,7,8 and 9) 
and south (profile 2) 
Flat Island 1-3 Southern side of headland 
(profile 6)  
Northern side of 
headland (profile 2) 
East 
Avoca Beach northern 
platform 
2-6 Southern end of platform 
(profile 7) 
Northern end of 
platform (profile 2) 
North-east 
Avoca Beach southern 
platform 1 
1-4 Far northern end of 
platform, (profile 1) 
Northern section 
(profile 4) 
North-east 
Avoca beach southern 
platform 2 
1-2 Middle section (profile 3) Middle section, small 
embayment (profile 4) 
East  - north-east 
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Table 4.2 - Variation in platform elevation for Sydney sites. 
Platform Elevation 
range (m 
AHD) 
Highest profile 
location 
Lowest profile 
location 
Orientation of 
platform 
Dee Why north 0-3 Northern section 
(profile 5) 
Southern section 
(profile 1) 
East 
Dee Why south 0-3 Southern section, 
slight peninsula 
(profile 2) 
Middle section 
(profile 3) 
East 
North Curl Curl north 0-3 Northern section, 
approaching point of 
headland (profile 1) 
Middle section 
(profile 4) 
East 
North Curl Curl south 0-3 Northern side of 
headland (profile 3) 
Southern side of 
headland, nearing to 
North Curl Curl 
beach 
East – south-east 
Lurline Bay 1-3.5 Northern side of bay 
(profile 3) 
Narrowest section of 
embayment (profile 
2) 
South-east - east 
Maroubra headland north 1-3.5 Eastern section, 
towards apex of 
headland (profile 3) 
Narrowest section of 
embayment (profile 
8) 
North-east 
Maroubra headland south – north-east 1.2.25 Northern end, 
towards apex of 
headland (profile 4) 
Middle section 
(profile 3) 
South-east 
Maroubra headland south – south-west 1-2 Middle section 
(profile 5) 
Western section, 
nearing Maroubra 
beach (profile 2) 
South-east 
Malabar northern headland - north 0-5 Northern side of 
headland (profile 6) 
Southern side of 
headland (profile 1) 
South-east 
Malabar northern headland - south 0-3 Eastern side, 
approaching apex of 
headland (profile 7) 
Western section, 
towards embayment 
(profile 3) 
South 
Long Bay 0-1.5 Western end (profile 
7) 
Furthest West into 
embayment (profile 
1) 
South 
Malabar southern headland 0-2 Apex of headland 
(profile 2) 
Furthest west profile, 
into Long Bay 
(profile 10) 
South-east 
La Perouse eastern headland 2 0.5-4 South-eastern point 
of headland (profile 
6) 
Western side of 
headland (profile 1) 
South 
La Perouse eastern headland 1 0.5-2 South-eastern apex of 
headland (profile 3) 
Western side of 
headland (profile 1) 
South 
La Perouse western platform 0.5-2 Eastern section of 
platform (profile 7) 
Most western profile 
(profile 8) 
South 
Bare Island 0.5-2 South-eastern side 
(profile 4) 
Western side of 
island (profile 8) 
Island 
La Perouse western headland 0-3 Southern side of 
headland (profile 4) 
Western side of 
headland (profile 2) 
West 
Kurnell  0.5-5 Middle section, 
located on slight 
headland (profile 5) 
Southern section, 
located in small 
embayment (profile 
7) 
East 
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Table 4.3 - Variation in platform elevation for Illawarra sites. 
Platform Elevation 
range (m AHD) 
Highest profile location Lowest profile location  Orientation of 
platform  
Coalcliff north 0-2 Southern end of platform 
(profile 6) 
Northern end of platform (profile 
2) 
East 
Coalcliff south 0-2 Southern end of platform 
(profile 5) 
Northern section of platform 
(profile 1) 
East 
Flagstaff Hill 
north-east 
0-3 South-eastern side (profile 
8) 
Most western profile (profile 1) North-east – 
south-east 
Flagstaff Hill 
south 
0.5-2 Furthest east profile 
(profile 3) 
Furthest west profile (profile 1) South 
Port Kembla 
north  
0-1 Furthest north profile 
(profile 1) 
Furthest south profile (profile 4) North-east 
Port Kembla 
middle headland 
0-2 North eastern apex of 
headland (profile 4) 
Southern side of headland, closest 
to Fisherman’s Beach (profile 7) 
East 
Port Kembla 
south- north 
0.5-1.5 Eastern facing section of 
platform (profile 5) 
Most north-western profile 
(profile 1) 
North – north-
east 
Port Kembla 
south - east  
1-2.5 Middle profile, apex of 
headland (profile 2) 
Northern end of platform (profile 
1) 
South-east 
Port Kembla 
south- south  
2-3 Southernmost profile of 
platform (profile 5) 
Northernmost profile of platform 
(profile 1) 
South-east 
Port Kembla 
south -south-west  
0.8-3 Southern facing, 
easternmost profile 
(profile 1) 
Middle section, located within 
small embayment (profile 3) 
South 
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4.1.1. Variation in platform elevation. 
Platform elevation data has been used to find trends in morphology. These morphologies can 
be used to further evaluate the mechanisms controlling platform elevation. Platform elevation 
is highest in the Central Coast region where platforms reach heights of 6 m, higher than 
Sydney and Illawarra regions of 5 and 3 m (AHD) respectively. A histogram of elevation for 
all sites is presented in figure 4.16, showing that the majority of elevational data is in the 0.5-
1.5 m range. Platforms are observed occurring at varying levels in regards to tide, with 
surfaces forming as low as MLWN (Mean Low Water Neap) and some metres above HAT 
(Highest Astronomical Tide). A stepped profile is observed for many profiles constructed in 
the Sydney region; these steps occur at 1.5-2 m and 3.5 m plus suggesting inheritance from 
previous higher sea levels. Analysis shows a general trend of elevation increasing towards the 
apex of a headland, as well as in areas exposed to wave action. In contrast elevation is 
observed to decrease towards embayments and areas with less exposure to wave action. 
Platforms located on adjoining headlands experience near identical ocean conditions, yet 
elevation varies significantly, indicating that processes other than wave action may be 
influential. It is also noted that wave energy interaction with a platform is unlikely to be 
uniform for the entire surface, with water depth and longshore bathymetry altering energy 
before impact. Geological control is observed to play a major role for many studied sites and 
these among other variations will be presented using examples from the field. 
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Figure 4.16 – Histogram of elevation for all sites studied. 
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Avoca Beach north has the highest profile constructed, reaching 6 m at the southern end. The 
northern end however, drops significantly down to 2 m. Field observations present a possible 
reason for this. It is noted that this southern end of the platform exhibits minimal jointing or 
wave quarrying when compared to the northern end. This lower elevation towards the 
northern end could be attributed to platforms being eroded along joint lines. Also observed is 
a change in lithology; the southern end is observed to be composed of a higher consistency of 
sandstone, as opposed to the northern end which seems to have a higher mudstone content. 
Sandstone is harder (Moh’s hardness of 6-7) than mudstone (Moh’s hardness 2-3), suggesting 
higher resistance to erosion, thus providing another possible explanation for this difference in 
elevation (Figure 4.17). 
        
        
Figure 4.17 - Avoca northern platform. A) Northern end composed of more mudstone and exhibits denser 
jointing. B) Erosion seems to cut along joint lines, wave quarrying also visible. C) Rock at the southern end of 
the platform is more intact and could attribute to the elevation difference, also has a higher sandstone 
composition. D) Widely spaced jointing observed southern end of platform. 
A B 
C D 
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This difference in rock properties and corresponding difference in elevation is observed for 
various sites; 
         
         
         
Figure 4.18 – Rock properties and elevation. Port Kembla southern headland: A) Northern side is lower in 
elevation and exhibits densely spaced jointing at the seaward edge. B) Southern side is at a higher elevation and 
has wider spaced joints extending into the intertidal zone. Coalcliff north: C) Northern end is higher in 
elevation and exhibits widely spaced shallow jointing. D) Southern end is lower in elevation and is shown to 
have deep, densely spaced jointing. E) Port Kembla north, marine erosion is seen cutting along joint lines. F) 
Catherine Hill Bay northern platform 1, marine erosion again seen cutting along joints within the bedrock.  
A B
 
C
 
D
 
E
 
F
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Port Kembla Southern headland experiences denser jointing on the northern side (Figure 4.18 
(A)) in which the elevation is approximately 0.2 m (AHD). In contrast to this is the wider 
jointing and more intact bedrock observed on the southern side (Figure 4.18(B)). In which 
elevation is just over 3 m (AHD). Coalcliff north exhibits widely spaced shallow jointing at 
the southern end (Figure 4.18(C)), where elevation is approximately 1 m (AHD). The 
northern end was observed to have densely spaced deep jointing (Figure 4.18(D)) and 
elevation of approximately 0.3 m is observed (AHD). Erosion from marine action was 
observed to cut along these discontinuities in the bedrock at both Port Kembla north and 
Catherine Hill Bay northern platform 1 (Figure 4.18(E & F)).  
Also observed operating at Port Kembla southern headland – south west platform, was the 
process of water layer weathering (Figure 4.19). Field observations indicated increased 
downwearing towards the rear of the platform by erosion along joints in the bedrock. 
      
Figure 4.19 – Water layer weathering (WLW) at Port Kembla south – south-west. A) Water layer weathering is 
the likely cause of this horizontal erosional feature towards the rear of the platform. B) Profile graph 
constructed to show the position of this feature. Profile is constructed between profile 4 and 5 in Figure 4.15  
Rock properties have also been proposed to influence other morphological characteristics of 
shore platforms which will be discussed in the next section of this chapter. Elevation will be 
further discussed in terms of process and risk in chapters 5 and 6. 
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4.2 Platform Width 
Mean platform widths calculated from LiDAR derived elevation data as shown above in 
Chapter 4 and Appendix 1. Mean widths are presented in table 4.4, 4.5 and 4.6. 
Table 4.4 - Mean widths of platforms in Central Coast. 
Platform Mean Width (m) 
Catherine Hill Bay north - northern headland 15.08 
Catherine Hill Bay north - northern platform 2 51.71 
Catherine Hill Bay north - northern platform 1 33.49 
Catherine Hill Bay north - southern headland 129.12 
Catherine Hill Bay south - northern beach platform 78.20 
Catherine Hill Bay south - northern headland 20.39 
Catherine Hill Bay south - middle headland 19.74 
Catherine Hill Bay south - southern platform 29.23 
Flat Island 49.34 
Avoca Beach northern platform 39.13 
Avoca Beach southern platform 1 27.41 
Avoca Beach southern platform 2 33.92 
Average 43.9 
Standard deviation 31.92 
 
Platform widths for sites analysed in the Central Coast region show large variety in platform 
width within a small section of coastline. The widest platform is the most southern headland 
of the northern set of platforms at almost 130 m; interestingly the narrowest platform is the 
most northern headland of this set of northern platforms at approximately15 m. The other 
notably narrow platform is the middle headland of the southern set of platforms in Catherine 
Hill Bay at almost 20 m. This range of 115 m indicates that there are other factors than wave 
action alone influencing width.  
 
 
 
 
 
 
85 
 
Table 4.5 - Mean widths of platforms in Sydney. 
Platform Mean Width (m) 
Dee Why north 32.53 
Dee Why south 20.10 
North Curl Curl north 20.02 
North Curl Curl south 45.60 
Lurline Bay  19.79 
Maroubra headland north 17.71 
Maroubra headland south – north-east 30.01 
Maroubra headland south – south-west 21.86 
Malabar northern headland - north 24.36 
Malabar northern headland - south 19.18 
Long Bay  14.23 
Malabar southern headland 24.05 
La Perouse eastern headland 2 25.61 
La Perouse eastern headland 1 44.18 
La Perouse western platform 15.77 
Bare Island 16.56 
La Perouse western headland 18.71 
Kurnell  21.11 
Average 23.95 
Standard deviation 8.93 
 
Sites analysed in Sydney have the narrowest average platform width overall. Platforms vary 
from around 45 m at North Curl Curl south and La Perouse eastern headland 1, down to 14 m 
at Long Bay. The range in width is 31 m, which is the lowest of the three regions. This could 
be due to uniform lithology and similar wave conditions, and will be discussed in a later 
section of this study. A trend of platform widths reaching their greatest if located on 
headlands, while narrowing along straight sections of rock coasts and within embayments is 
observed. 
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Table 4.6 - Mean widths of platforms in Illawarra. 
Platform Mean Width (m) 
Coalcliff north 99.95 
Coalcliff south 106.13 
Flagstaff Hill north-east 46.55 
Flagstaff Hill south 30.13 
Port Kembla north  56.54 
Port Kembla middle headland 29.97 
Port Kembla south - northern platform 21.46 
Port Kembla south - eastern platform 60.20 
Port Kembla south - southern platform 60.84 
Port Kembla south - south-west platform 62.30 
Average  57.4 
Standard deviation 28.15 
 
Platforms are widest at Coalcliff; the southern platform is approximately 106 m and the 
northern approximately 100 m. The narrowest platform is Port Kembla south - north at 
approximately 21 m. These sites have the widest average platform width overall, but much 
like the Central Coast region there is a large variation between platforms located within 
metres of each other. This difference in width within a small section of coastline again 
highlights the importance of factors other than wave action in platform erosion.  
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4.2.1. Variation in platform width 
 As mentioned, prior research has indicated a relationship between rock resistance and 
resulting platform width (Davies et al. 2006). No rock resistance tests were undertaken for 
this study due to scope and time constraints, however platform widths analysed in this study 
show exposure to wave action as a somewhat influential factor. The widest platforms are 
observed occurring in areas exposed to constant wave action, as opposed to the narrowest 
platforms experiencing a larger amount of shelter and thus less exposure to wave action. 
Wider platforms were also observed forming towards the apex of headlands, when compared 
to platforms along straight sections of rock coast forming at narrower widths. Platform widths 
analysed do not all conform to these trends however, suggesting other more influential factors 
than wave action in determining width. It must also be noted again that water depth in front 
of a platform and longshore bathymetry are likely to alter wave energy impacting upon a 
platform surface.  
Rock properties, particularly the presence or absence of jointing evident were observed for 
sites, as this has previously been stated to influence morphology (Trenhaile, 2004; Kennedy 
et al, 2010).  
Evidence of platforms being eroded along joint lines is shown at Port Kembla middle 
headland: 
     
Figure 4.20 - Port Kembla middle headland. A) Southern side of headland has experienced heavy marine 
erosion dissecting joint lines. B) Erosion and downwearing in this section has been so extensive that the 
platform has retreated landward and a now a small boulder accumulation is present. Also of note is the relict 
higher platform surfaces, likely inherited from past higher sea levels.  
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Jointing present for sites observed at Coalcliff: 
      
Figure 4.21 – Coalcliff. A) South – Extensive jointing filled with calcite occurs across entire platform surface. 
B) North – less extensive jointing than southern platform, numerous sideritic concretions and soft sediment 
deformation structures are exposed. 
Platforms at coalcliff were found to have the second widest platforms analysed, which 
showed extensive jointing on both platforms. The extensive jointing of coalcliff south 
(4.21(A) and north (4.21(B) could be attributed to erosion rates occurring faster along these 
exisiting planes of weakness.  
Platforms with more intact bedrock corresponded with narrower widths, as observed at 
Catherine Hill Bay south – northern headland: 
      
Figure 4.22 – Catherine Hill Bay south – northern headland. A) Platform bedrock shows minimal signs of 
jointing or discontinuties across the middle or rear sections. B) Seaward edge exhibits more jointing than the 
upper sections, perhaps as this section is exposed to marine erosion constantly. 
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Select sites in Catherine Hill Bay exhibit minimal jointing (4.22(A) within the intertidal zone, 
this intact bedrock is an explanation for the narrow platform surfaces observed. The seaward 
edge exhibits more extensive jointing (4.22(B), which is likely due to more constant marine 
erosion processes.  
Platform widths will be further discussed in the context of past research and process in a later 
section of this study.  
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4.3. Platform slope. 
Platform slope analysed in this study varies between seaward sloping platforms and landward 
sloping platforms, a zero or positive platform slope is reflective of the downwearing rate of a 
platform surface by wave energy (Sunumura, 1992, Figure 7.17, pp. 168). Negative gradients 
are indicative of processes other than wave energy influencing platform morphology. In 
general, platform slope is closest to zero on headlands, in which sub-horizontal platforms are 
generally formed by constant wave action. Slope tends to increase towards embayments, 
producing surfaces resembling ramp profiles. This could be directly related to the amount of 
exposure to wave action and will be further discussed in chapter six. 
Table 4.7 - Slope of platforms in Central Coast region; negative values indicate a seaward slope, positive 
values indicate landward slope. 
Platform Mean slope (°) 
Catherine Hill Bay north - northern headland -1.14 
Catherine Hill Bay north - northern platform 2 0.70 
Catherine Hill Bay north - northern platform 1 -0.53 
Catherine Hill Bay north - southern headland 0.51 
Catherine Hill Bay south - northern beach 
platform 
0.32 
Catherine Hill Bay south - northern headland -1.49 
Catherine Hill Bay south - middle headland -0.48 
Catherine Hill Bay south - southern platform -1.71 
Flat Island 0.03 
Avoca Beach northern platform 0.35 
Avoca Beach southern platform 1 -1.14 
Avoca Beach southern platform 2 -0.80 
Average  -0.53 
Standard deviation 0.82 
 
Platform slope for the Central Coast region can be divided into seven sloping slightly 
seaward and six sloping slightly landward. The flattest platform is Flat Island at 0.03 °, and 
the steepest platform is Catherine Hill Bay’s most southern platform with a slope of1.71°, 
giving a range in slope of 1.68 °. There is a weak trend of steeper slope in areas less exposed 
to wave action. 
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Table 4.8 - Slope of platforms in Sydney region; negative values indicate a seaward slope and positive values 
indicate landward slope. 
Platform Mean slope (°) 
Dee Why north -1.81 
Dee Why south -1.75 
North Curl Curl north -1.48 
North Curl Curl south -1.84 
Lurline Bay  -2.42 
Maroubra headland north -1.84 
Maroubra headland south – north-
east 
-0.19 
Maroubra headland south – south-
west 
-0.40 
Malabar northern headland - north -1.59 
Malabar northern headland - south -1.43 
Long Bay  -0.82 
Malabar southern headland -1.87 
La Perouse eastern headland 2 -1.68 
La Perouse eastern headland 1 -1.49 
La Perouse western platform -1.35 
Bare Island -2.42 
La Perouse western headland -0.80 
Kurnell  -0.26 
Average  -1.41 
Standard deviation 0.66 
 
All platforms analysed in the Sydney region slope slightly seaward. The flattest platform is 
Maroubra headland south - north-east at 0.19 ° and the steepest platforms are Lurline Bay and 
Bare Island at 2.42 °, giving a range in slope of 2.23 °. These platforms all exhibit negative 
slopes, indicative of other factors than wave energy influencing morphology, however, a 
weak correlation to wave exposure is observed, with steeper slope in sheltered areas and 
gentler slope in more exposed areas. 
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Table 4.9 – Slope of platforms in the Illawarra region; negative values indicate a seaward slope and positive 
values indicate landward slope. 
Platform Mean slope (°) 
Coalcliff north -0.39 
Coalcliff south 0.36 
Flagstaff Hill north-east 0.06 
Flagstaff Hill south 1.43 
Port Kembla north -0.05 
Port Kembla middle headland -1.04 
Port Kembla south - northern platform -2.14 
Port Kembla south - eastern platform 0.51 
Port Kembla south - southern platform 0.18 
Port Kembla south - south-west platform 0.55 
Average  -0.05 
Standard deviation 0.97 
 
Platform slope analysed within the Illawarra region is divided into five seaward sloping 
platforms and six landward sloping platforms. The steepest platform is Port Kembla south – 
north at 2.14 ° (Figure 4.23) and the flattest is Flagstaff Hill north-east at 0.06 °. The range in 
slope is 3.57 °. A trend of steeper slope in areas less exposed to wave action is again 
observed. Flagstaff Hill south has the greatest positive slope for the Illawarra region at 1.43 °, 
whereas Port Kembla south – north has the highest negative slope at -2.14 °. 
      
Figure 4.23 – A) Flagstaff hill southern platform is observed having the highest positive slope for the Illawarra 
region. Weathering and downwearing appear to be concentrated towards the rear of the platform. B) Port 
Kembla south – north is observed having the highest negative slope of the Illawarra region. Jointing is more 
dense at the seaward edge, becoming wider and leaving more intact rock across the middle of the platform.  
A B
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Slope analysed for sites appears to be related to wave exposure. Variation in platforms on a 
local scale with similar ocean conditions suggests that there are other influencing factors, and 
this will be further discussed in chapter six.  
 
4.4. Platform slope in relation to platform width. 
Platform slope when compared to platform width (Figure 4.24) indicates a correlation 
between narrow width and steeper slope, as well as wider platforms and gentler slope. 
Narrower platforms tend to slope seaward, whereas wider platforms are closer to horizontal 
or slope landward. Generally, the narrower, steeper platforms are located within embayments, 
as well as along straight sections of rock coast backed by large cliffs, and the wider more 
horizontal platforms are located headlands. This correlation is indicative of the rate of 
downwearing a platform experiences. The positive, or close to zero and wide platforms are in 
areas in which wave energy is higher than the resistance properties, whereas the negative and 
narrower platforms are indicative of factors other than wave action controlling morphology, 
such as rock structure and lithology.  
 
Figure 4.24 - Platform slope in relation to platform width.  
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4.5. Summary 
 
• Platform elevation appears directly related to wave exposure. Highest elevations 
occurred in areas of more exposure, such as on headlands, whereas lower 
elevations occurred in areas of less exposure, such as within an embayment. Rock 
properties were also observed as influential. Possible relict platform surfaces from 
past higher sea stands are observed at higher elevations for Sydney. 
• Platform width indicates a weak relationship to wave exposure. Instead other 
factors are more prominent, such as rock properties.  
• Platform slope also shows a relationship to wave exposure. Platforms of more 
exposure resulted in sub-horizontal slope, whereas platforms of less exposure 
exhibit steeper slope. Rock properties again seem to exert major influence.  
• Near identical boundary conditions for studied platforms, and large variation in 
parameters observed indicates a combination of processes giving morphology.  
• Geological control appears to exert most influence for studied sites. This factor 
controls the resistance of platforms, with heavily jointed rock being more 
susceptible to marine erosion and subaerial weathering and an increased 
downwearing rate.   
• Wave action is observed to be the key formative process; however, rock properties 
such as structure and lithology will determine rock resistance which influences the 
erosion rate by marine action.  
Morphology observed will be further discussed in terms of process in Chapter 6, whereas the 
next Chapter will relate morphology analysed to risk.  
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Chapter 5. Risk Classification. 
 
Risk to human life is a concern on rock coasts. There are several factors affecting the level of 
risk at a given time. There are a number of aspects to be considered both environmentally and 
demographically. This study looks at differing morphologies to distinguish why one platform 
or stretch of coastline poses more risk than another. As mentioned, platforms studied have 
been selected as they have had a higher number of drowning occurrences. The Central Coast 
sites, particularly Catherine Hill Bay and Flat Island, as well as sites selected in the Sydney 
region seem to pose a higher level of risk. For this reason preliminary risk classification will 
focus on these sites. Kennedy et al. (2014) suggest compiling knowledge of rock coast 
geomorphology, wave interaction and exposure in an effort to further understand and classify 
risk to focus efforts on reducing drowning occurrences. Physical characteristics such as 
elevation, width, slope, lithology, surface roughness and orientation or exposure to waves all 
seem likely to play a role in risk involved with platforms. Thus, the morphology of a platform 
may provide the elements of risk associated with a platform. This project is working towards 
a broader approach to rock coast risk assessment like that of ABSAMP, which has been 
successfully implemented for Australian beaches.   
5.1. Platform elevation, width, slope and risk. 
 
5.1.1Platform elevation 
The elevation of a shore platform will be likely to play an important role in risk. It has been 
suggested recently that the elevation of a platform and depth at the front of the platform could 
be used to measure risk (Kennedy et al., 2013). This project originally sought out to build 
upon the research of Kennedy et al. (2013) and a morphological exposure index, the reasons 
for abandoning this will be discussed in the next chapter of this study. Kennedy et al. (2013) 
proposed that platforms at a lower elevation will be vulnerable to more frequent wave 
overwash, whereas those with deeper at the seaward edge will be exposed to a higher amount 
of wave energy (morphological exposure). This preliminary risk classification will focus on 
the lower platforms experiencing higher levels of wave overwash, the variety of elevations 
analysed along with wave and tidal data will be utilised.  
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5.1.2. Platform Width and Slope 
Platform width and slope have not yet been quantified to have a direct influence on risk. 
Obviously, a narrow platform backed by a cliff means there is nowhere to escape the force of 
an incoming wave. A steeper slope can make moving around on rock coasts more dangerous 
due to slipping hazard. Platform width and slope have however been proposed to influence 
the amount of wave energy that is transformed along a platform, as discussed below. 
5.2. Wave action/transformation and risk. 
Wave action on shore platforms and level of risk involved is difficult to measure. Ocean 
swell is unpredictable and theories such as “rogue waves” are near unquantifiable. Shore 
platform morphodynamics relate to wave and tidal action, which must be considered in terms 
of risk. Wave transformation along a platform is an aspect of platform morphodynamics that 
remains relatively unstudied but it is suggested that this will play a role in risk. It has been 
previously proposed that wave forces are reduced due to increasing dissipation as shore 
platforms widen over time (Johnson, 1919. Trenhaile, 1980, 1983, 2000, 2002a), this is 
consistent with wave theory but remains hypothetical and has only been studied by a select 
few researchers. Taylor (2003); Trenhaile & Kanyaya (2007); and Farrell et al., (2009) have 
all researched how wave interaction varies in shore platform environments, however the 
following four studies are more suited to this analysis. Stephenson & Kirk (2000a) 
undertaking research in Kaikoura, New Zealand showed that during storms wave energy 
dissipated before arriving on shore platforms, this is due to larger waves breaking further off 
shore in deeper water. Additionally, the energy propagating towards the base of the backing 
cliff was found to have been reduced significantly, with only 5-7% of energy at the seaward 
edge reaching the base of the cliff.  
Stephenson & Thornton (2005) performed a study in Marengo, located on the Otway Coast in 
Victoria, Australia. They deployed two wave recorders at the base of a cliff and seaward edge 
of a platform to test wave transformation along a platform. Results showed that, as found by 
Stephenson & Kirk (2000a) significant dissipation was occurring off-shore of the platform. 
However minimal wave decay occurred on the platform, with 67-90% of wave energy 
arriving at the back of the platform. An explanation of this is the different widths and form of 
the platforms, with the platform studied in New Zealand being 80-100 m wide and sloping 
1.5 ° towards the sea. Whereas the platform studied in Marengo was 35 m wide and near 
horizontal in form. This narrower platform in Marengo is likely the reason for similar wave 
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heights, reflection from the cliff attributed to the higher wave heights recorded at cliff 
platform junction.  
The amount of wave energy and transportation across a platform has been proposed to be 
influenced by tidal stage (Marshall & Stephenson, 2011; Ogawa et al. 2011) as discussed 
below.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
5.2.1. Tidal planes and risk        
 Tide most definitely plays a role in risk, for example at low tide a fisherman may climb 
safely over a low tidal platform to reach to a higher adjacent platform. The tide may rise 
quicker than expected and leave the fisherman isolated and exposed to wave action on a 
higher platform. 
 The stage of a tide will also have a direct influence on wave energy impacting on as well as 
transforming across a platform surface. At the mean high water spring level, a platform will 
be further inundated than at lower tidal levels. This will clearly have an effect on the rates of 
energy dissipation across a platform. Many of the platforms studied are formed below the 
Highest Astronomical Tide level (HAT) of approximately 1.2 m above AHD. The majority 
are formed within the 0.5-1.5 m range as shown by the modal elevation of all platforms 
(Figure 4.40). It would seem likely that at HAT and an average wave height of 1.53 m 
(Trenaman & Short, 1987) the majority of platforms studied will be either inundated or 
impacted by wave action. Also at HAT less wave energy is being dissipated due to deeper 
water in front of platforms. It could be hypothesized that more wave energy is being 
transmitted across the platform as well, thus providing a higher level of risk.  
Marshall & Stephenson, (2011) further investigated wave energy interaction at sites studied 
by Stephenson & Kirk (2000a) and Stephenson & Thornton (2006). Kaikoura, in New 
Zealand and the Otway Coast of Australia were studied, focusing on the influence of varying 
shore platform morphology. Platform elevation, width and slope were calculated from 
surveyed profiles. All platforms were low in elevation, at 1 m or less, widths varied from 
approximately 58 m and 66 m for sites in Australia, to 61 m and 138 m for sites in New 
Zealand. Slope was recorded as below 0.5 ° for three sites, and one site sloped at 1.14 °. 
Offshore wave data was collected using Dobie wave pressure transducers and obtained from 
the National Oceanic and Atmospheric Administration (NOAA). Waves were measured over 
six tidal peaks during a spring tidal sequence for four platforms, from February 2007 to July 
2007.  
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Marshall & Stephenson (2011) concluded that energy transformation to a platform from the 
nearshore was influenced by platform morphology, as well as wave height in the nearshore. 
Wave height nearshore was highlighted as complex due to the interactions between waves 
and nearshore bathymetry, as waves will lose energy through shoaling and refraction. 
Research on wave energy transformation across a platform showed that at two platforms 
studied, during peak tidal conditions, waves with a significantly larger wave height were 
measured for the inner platform than was simultaneously measured at the outer platform. 
Marshall & Stephenson (2011) stated that platform slope, rather than platform width was 
more influential on wave height change and attenuation across a platform, as the greatest 
reduction in wave height was observed on the platform with the steepest slope. Dissipation 
across a platform was proposed to be dependent upon depth of water on a platform, a 
function of tidal inundation and platform slope. Also of importance in their findings was the 
presence of energy gradients across platforms, with incident wave energy being reduced as 
waves crossed the platform and a corresponding increase in infragravity wave energy 
(Marshall & Stephenson, 2011). The pattern of attenuation observed is proposed to be 
comparable to dissipative beaches, and provides further insight into possible shore platform 
morphodynamics and classifying risk.  
Ogawa et al. (2011), also studying wave transformation on a platform on the North Island of 
New Zealand used four equally spaced pressure gauges deployed over a 24 hour period. This 
platform was 250 m wide, with mean elevation being 0.7 m, and characterised by sub-
horizontal form with a sharp seaward edge. Their results showed that although at all tidal 
stages waves continually broke at the seaward edge, tidal stage plays a dominant role over the 
rate of wave energy attenuation across the platform. Three different hydrodynamic zones 
were established across the shore platform, they consisted of; a breaker zone at the seaward 
edge, a propagation or shoaling zone across the centre of the platform and a zone of energy 
dissipation across the rear of the platform. The scale of these zones was dependent upon tidal 
stage, with different wave processes operating across different sections of the platform at 
different times. An observed 93% attenuation occurred at lower tides, with 44% attenuation 
occurring at higher tides, showing that tidal stage plays an important role in wave 
propagation and incurred risk. Ogawa et al. (2011) also stated the increased effect of wind-
wave frequencies towards the centre of the platform and infragravity waves towards the 
backing cliff as tidal stage and platform inundation increased. The implications of these 
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findings show the importance of platform morphology and tidal inundation on wave 
transformation.  
5.3. Shore platform morphodynamics 
Combining the information from Stephenson & Kirk (2000), Stephenson & Thornton (2005) 
Marshall & Stephenson (2011) and Ogawa et al. (2011) it could be hypothesized that shore 
platform morphodynamics in terms of wave action could be classified in a similar way to that 
of beach morphodynamics (Stephenson & Thornton, 2005). Beach morphodynamics is the 
interaction between wave energy and sediment transport. Beach shape will be altered with 
changes in wave energy wave dominated beaches. A dissipative beach state is the highest 
energy state in which waves will regularly exceed 2.5 m; they are characterised by a low 
gradient surf zone reaching up to 500 m wide with two to three shore parallel bars separated 
by subdued troughs. A reflective beach state is the lowest energy beach state, characterized 
by waves less than 0.5 m with steep and narrow beach faces. There are several intermediate 
states a beach will experience when adjusting to wave energy and sediment budget. These 
varying beach states will provide different hazards, the higher energy beach states will have 
larger waves, whereas, lower energy intermediate beach states will pose risk in the form of 
rip currents.  
It may be said that the two platform types (A or B, Sunamura, 1992) will mitigate wave 
energy in different ways. A narrow horizontal platform would be classified as reflective, with 
sheer cliffs being the most reflective morphology. In contrast wide sloping platforms could be 
viewed as dissipative. Clearly an individual platform will not change state in the way a beach 
will, however there may be a range of varying morphologies similar to that of intermediate 
beach states. A platform may contain a combination of dissipative and reflective mechanisms 
that mitigate wave energy differently, much like intermediate beaches that have dissipative 
surf zones and reflective beach faces will mitigate wave energy differently. Beaches in 
general will become more hazardous as waves get bigger, and it is likely the same for shore 
platforms. Higher tides increase the amount of wave energy impacting on a platform, 
therefore increasing the level of risk.  
Acknowledging these factors, morphology of a platform and the way wave energy interacts 
with the platform, provides the best basis to assign a risk rating to shore platforms. 
Dissipation of energy upon a shore platform has been stated to be a function of slope and the 
degree of tidal inundation, with inundation being a function of platform elevation (Marshall 
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& Stephenson, 2011). Width of a platform may influence the reflective nature of a backing 
cliff so this will also be considered.  
5.4. Risk classification 
A preliminary risk classification for shore platforms has been created in this study, using 
ArcMap, LIDAR-derived Triangulated Irregular Networks (TIN) have been utilised to 
present morphology. Using elevation data, combined with prior research into wave process 
the following wave action interaction with shore platform risk classifications have been 
created. An average wave height of 1.53 m (Trenaman & Short, 1987) for the south-eastern 
coast of Australia has been utilised in this analysis. Wave energy is suggested to be 
influenced by offshore topography and front depth off a platform. Therefore wave energy is 
unlikely to be uniform in a longshore direction. Classifications of risk would benefit with 
measurements of this variation. As tide influences the amount of wave energy reaching and 
transforming across a platform, varying tide levels, and the risk involved at each will be 
presented. Highest Astronomical Tide (HAT), Mean Sea Level (MSL) and Lowest 
Astronomical Tide (LAT) data will be used with respect to Australian Height Datum. 
Platforms are split into five different zones: 
- Sea level shown in red. Level is dependent upon tide, LAT is at -0.92m, MSL is 
at 0.06m and HAT is at 1.2 m. (AHD) 
- An average wave height has been used of 1.53 m (Trenaman & Short, 1987). The 
portion of the platform this wave height will impact is indicated by orange. This 
zone is also likely to experience wave transformation. 
- A further 0.5 m has been added to wave height to show the proportion of the 
platform that may still be impacted upon. Also where possible wave 
transformation may occur, shown by yellow. 
- Another 0.5 m in wave height is added to show that waves would need to be 2-2.5 
m high to impact upon this portion of the platform, indicating wave action is 
unlikely to reach this height, shown by light green. 
- 0.5 m of wave height has been added again to show that wave height would need 
to be more than 2.5 m high to interact with this portion of the platform. Indicating 
minimal wave impact will occur, shown in dark green.  
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These zones can also be said to indicate the exposure to wave hazard in each zone, with 
higher levels of risk present in the red and orange, some risk still present in yellow and 
decreasing into light and dark green. North Curl Curl (Figure 5.1) is provided as the first 
example. Following this site, other platform risk classifcations are presented, sites have been 
chosen based on varying elevation and reported drowning occurences.  
 
Figure 5.1 – Risk of wave action at varying tide levels for North Curl Curl. A) HAT:  1.2m; B) MSL:  0.06m C) 
LAT: -0.92m. (AHD). Data: NSW LPI Aerial Imagery – Sydney 2013. Copyright © Land and Property 
Information (2013). NSW LPI LiDAR derived elevation data – Sydney North 2013 Copyright © Land and 
Property Information (2013). 
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Figure 5.2 – Risk of wave action of varying tide levels for Catherine Hill Bay northern platforms. A) HAT: 1.2 
m; B) MSL:  0.06 m; C) LAT: -0.92 m (AHD). Data: NSW LPI Aerial Imagery – Lake Macquarie 2011. 
Copyright © Land and Property Information (2011). NSW LPI LiDAR derived elevation data – Newcastle 2014. 
Copyright © Land and Property Information (2014). 
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Figure 5.3: Risk of wave action at varying tide levels for Coalcliff north. A) HAT: 1.2 m; B) MSL: 0.06 m; C) 
LAT: -0.92 m (AHD). Wollongong2008. Copyright © Land and Property Information (2008). NSW LPI LiDAR 
derived elevation data – Lake Cataract 2013 Copyright © Land and Property Information (2013). 
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Figure 5.4 – Risk of wave action at varying tide levels for La Perouse eastern platform. A) HAT: 1.2 m; MSL: 
0.06 m; LAT: -0.92 m (AHD. Port Hacking 2008, Copyright © Land and Property Information (2008).NSW LPI 
LiDAR derived elevation data – Sydney South 2013 Copyright © Land and Property Information (2013.) 
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Figure 5.5 – Risk of wave impact at varying tide levels for Flat Island. A) HAT: 1.2 m; MSL: 0.06 m; LAT: -0.92 
m) (AHD). Data: NSW LPI Aerial Imagery – Lake Macquarie 2011. Copyright © Land and Property 
Information (2011). NSW LPI LiDAR derived elevation data – Newcastle 2014. Copyright © Land and Property 
Information (2014) 
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Figure 5.6 – Risk of wave action at varying tide levels for Kurnell. A) HAT: 1.2 m; MSL: 0.06; LAT: -0.92. 
(AHD). Port Hacking 2008, Copyright © Land and Property Information (2008).NSW LPI LiDAR derived 
elevation data – Sydney South 2013 Copyright © Land and Property Information (2013.) 
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Figure 5.7 – Risk of wave action at varying tide levels for Malabar south. A) HAT: 1.2m; B) MSL: 0.06,; C) 
LAT: -0.92. (AHD). Data: NSW LPI Aerial Imagery – Sydney 2013. Copyright © Land and Property 
Information (2013). NSW LPI LiDAR derived elevation data – Sydney North 2013 Copyright © Land and 
Property Information (2013). 
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Figure 5.8 – Risk of wave impact at varying tide levels for Port Kembla south. A) HAT: 1.2m; MSL: 0.06; LAT: 
-0.92. (AHD). Data: NSW LPI Aerial Imagery – Wollongong 2008. Copyright © Land and Property Information 
(2008). NSW LPI LiDAR derived elevation data – Wollongong  2013, Copyright © Land and Property 
Information (2013). 
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In viewing these preliminary risk classifications of shore platforms, it is suggested that shore 
platform risk will increase with tidal level. HAT poses the most risk, with waves impacting 
upon the entire platform for several locations at this tidal level. The maximum wave height 
considered for these classifications was 2.5 m or more; however, weather and wind 
conditions can produce ocean swell much larger than this. Wave height exceedance data from 
Kulmar et al. (2013) shows that wave heights of up to 8m have been recorded, so a 
classification for these extreme ocean conditions will also be presented. Avoca Beach north 
will be shown as this platform has the overall highest elevation. MSL (0.06m, AHD) will be 
utilised with an average wave height risk classification presented for comparison. An 
assumed average wave height of 4 and 6m will be used to show risk during extreme ocean 
conditions. Average wave height will increase by 0.5 m increments for each class, as was 
used for the preliminary risk classifications.  
      
Figure 5.9 – Risk of wave impact during high magnitude ocean conditions 1. A) MSL (0.06m) and an average 
wave height of 1.53m. B) MSL (0.06m) and wave heights of 4-5m. (AHD). Data: NSW LPI Ortho-rectified 
Imagery – Gosford 2004. Copyright © Land and Property Information (2004). NSW LPI LiDAR derived 
elevation data – Hawkesbury North 2011. Copyright © Land and Property Information(2011). 
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Figure 5.10 – Risk of wave impact during high magnitude ocean conditions 2. MSL (0.06m) and wave heights of 
6-7m. (AHD). Data: NSW LPI Ortho-rectified Imagery – Gosford 2004. Copyright © Land and Property 
Information (2004). NSW LPI LiDAR derived elevation data – Hawkesbury North 2011. Copyright © Land and 
Property Information(2011). 
The simulated extreme wave heights indicate that these conditions will pose the most risk, 
with the majority of the platform being impacted by waves of 4-5 m and the entire platform 
being impacted of 6-7 m.  
These classifications and their implications will be discussed further in chapter 6. 
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Chapter 6. Discussion and Recommendations 
 
This study’s first aim was assessing the varying rock coast morphologies of the central-
southern NSW coast. The parameters of elevation, width and slope were analysed both in the 
field, and geospatially using LiDAR, to give an accurate depiction of morphology. The risk 
involved with rock coasts, outlined in Chapter 2, indicates the need for a better understanding 
of the different hazards involved with rock coasts. This study has used varying morphology 
and wave interaction with a shore platform as a basis to classify risk, as shown in Chapter 5. 
This chapter will outline the findings of this study  
6.1 Platform Elevation 
Platform elevation research has mostly been concerned with indicating definitive processes 
behind formation (Sunamura, 1991; Kennedy & Dickson, 2006; Thornton & Stephenson, 
2006) as well as to whether they have been formed by contemporary wave action or are 
inherited from previous marine erosion during higher sea stands (Brooke et al. 1994, Young 
& Bryant, 1993). Platform elevation is particularly important for this study, as it is a key 
factor of risk. As shown in the previous chapter, a risk classification of shore platforms varies 
with platform elevation, and this will be discussed later in this chapter.  
Analysis showed a trend of platforms forming at higher elevations towards the apex of a 
headland, whereas platforms were shown to form at lower elevations towards embayments. 
This phenomenon has been proposed by So (1965) researching the Isle of Thanet, Kent; 
Trenhaile (1971, 1972, 1974) researching the Vale of Glamorgan in Wales and Sunamura 
(1978) researching the Izu Peninsula in Japan. Platform elevation seems to be influenced by 
wave action with higher elevations occurring in areas exposed to wave action and lower 
elevations occurring in areas less exposed to wave action. So (1965) and Sunamura (1978) 
highlighted the level of exposure to wave action influencing the height a platform will form 
at. This proposed exposure pattern, independent of rock properties producing higher 
elevations is observed when viewing sites studied along the NSW coastline.  
A decrease in elevation towards an embayment is seen to take place for the majority of 
studied sites. Platforms at Catherine Hill Bay (Figure 4.4) in the Central Coast region, La 
Perouse (Figure 3.6) in the Sydney region and Port Kembla south (4.13, 4.14 and 4.15) in the 
Illawarra region, are all prime examples. La Perouse eastern headland 2 (Figure 3.6) is 
presented below as an example (Figure 6.1). These results contrast with the claims of Gill & 
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Lang (1983) stating no correlation between elevation and wave exposure. However other 
factors have been proposed to influence elevation, such as rock strength (Edwards, 1941; 
Hills, 1971; Thornton & Stephenson, 2006). No rock resistance tests were undertaken for this 
study due to time constraints and the large study area, and results may have benefited. 
Geological control has been stated to seemingly exert dominant influence over platform 
elevation in research (Kennedy & Dickson, 2006; Kennedy, 2010). As shown in Chapter 4, 
there is evidence of rock properties seeming to influence platform elevation, and this will be 
further discussed. 
 
 
Figure 6.1 – La Perouse eastern headland 2. Profiles 1, 2 and 3 are located on the western side of the headland 
towards an embayment, experiencing less exposure to wave action. Profiles 5, 6 and 7 are located on the apex 
of the headland and eastern side exposed to dominant swell directions. 
 
Platforms, such as those at Catherine Hill Bay, consist of a series of adjoining headlands, 
with profiles constructed in embayments formed at significantly lower heights than on 
headlands. However, platforms analysed on a headland do not always exhibit a higher 
elevation as platform cutting can be said to be a function of the assailing force of waves and 
rock resistance (Sunamura, 1977). If a headland is sheltered from wave energy by a larger 
headland or an offshore island then the assailing force of waves may be impeded, perhaps 
altering the rate of planation that occurs for an unimpeded platform. This is observed for Port 
Kembla south and middle headlands, Big Island and Martin Islet located just offshore may 
alter the wave energy approaching platforms. Along with the observed difference in rock 
properties (Figure 4.18), this is another possible explanation for the lower elevation observed 
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for the southern side of the middle headland. Wave energy will be altered, likely minimised 
upon interacting with these islands (Figure 6.2) 
 
 
Figure 6.2 – Wave energy interaction with offshore islands. NSW Aerial Imagery – Wollongong 2008 Copyright 
© Land and Property Information (2008) 
 
Both Kennedy & Dickson (2006) and Kennedy (2010) stated that jointing of platform 
surfaces appeared to influence elevation. As shown in Figure 4.18 and 4.19, the difference in 
joint density upon a platform appears to affect rock resistance to erosion processes. Sections 
of platform with denser jointing are shown forming at lower elevations, as opposed to more 
intact bedrock platform surfaces forming at higher elevations. Geological control appears to 
be an influential factor over elevation, with platforms in the Illawarra region exhibiting the 
most extensive amount of jointing, as well as the majority of elevations forming between  
Big Island and Martin Islet 
will impede and refract 
incoming wave energy, 
altering the impact of waves 
on headlands Port Kembla 
middle headland 
Port Kembla 
southern headland 
Eastern swell 
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0.25-1 m (Appendix 2). Observations of the Sydney region indicate rock properties as a 
factor as well. The Sydney region has been proposed to be heavily influenced by rock 
properties, Kennedy et al. (2010) proposed that, the resistant nature of lithology these 
platforms are composed of (Hawkesbury sandstone) indicated marine erosion processes were 
only able to exploit these existing planes of weakness within the bedrock. With the majority 
of platforms in this region forming between 0.5- 2 m (Appendix 2) and the aforementioned 
high resistance properties of lithology it is probable that geological control exerts some 
degree of influence. In comparison to heavily jointed bedrock for Illawarra sites, Central 
Coast sites were observed to exhibit significantly less jointing. This is an explanation for the 
higher elevations o observed for these platforms, majority of elevations are formed at 1.5-4 m 
(Appendix 2) 
Weathering processes were observed operating at Port Kembla southern headland – south-
west (Figure 4.19). Water layer weathering appears to have lowered this platform surface, 
through downwearing along existing joint lines. This weathering process weakens rocks, 
making them more susceptible to excavation by waves. This phenomenon has been proposed 
by Kennedy & Dickson (2006) to influence platform elevation. This section of the platform is 
located at the base of the backing cliff, approximately 60 m from the seaward edge. This 
surface is located within the intertidal zone, experiencing frequent wetting and drying cycles. 
Stephenson & Kirk (2000b) found that these conditions produced the greatest amount of 
downwearing for platform surfaces. This downwearing will affect platform elevation; 
however this phenomenon was not observed for the majority of sites and it would appear 
wave action is more influential.  
Analysis of Sydney platform elevation showed the presence of a stepped profile for many 
sites studied. These steps were observed to occur at 1.5-2 m and 3.5 m or more, these features 
are indicative of inheritance from past higher sea levels (Figure 6.3). 
 
Figure 6.3 –Stepped profiles of Sydney region, indicative of inheritance. A) Malabar northern headland; B) 
Maroubra headland north; C) La Perouse eastern headland 2; D) Dee Why South 
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Stepped profiles within the Sydney region have been credited to previous marine erosion at 
these previous higher sea levels (Hedley, 1924). Just south of the Sydney region along the 
south coast, a consistent raised platform occurring at 2m + has been dated as forming during 
the Last Interglacial (LIG) between 80 and 105 ka (Young & Bryant, 1993 and Brooke et al. 
1994).  
Young & Bryant (1993) also suggested that a higher surface at 4m + was formed during the 
Early LIG, 120-140 ka. Kennedy (2010) proposed these higher steps of 3.5 m may be of a 
similar origin to this proposed level and concludes it is likely that morphology present of 
shore platforms within the Sydney region are partly inherited from previous high sea level 
erosion periods. The stepped profiles in Figure 6.3 are all in areas exposed to constant wave 
action, further reinforcing the apparent influential role marine erosion has in resulting 
platform morphology, particularly elevation.  
 
6.2 Platform Width 
Prior research on platform width has suggested exposure to waves is likely to be an 
influential factor. It has been inferred that platforms will achieve their widest form in areas of 
less exposure to wave action (Bird & Dent, 1966), however studies aiming to quantify this 
have shown no clear relationship (Abrahams & Oak, 1975). Results from this study suggest 
that platform width has a correlation, albeit weak, with exposure to wave action. However as 
mentioned previously, the environmental conditions (boundary conditions) in which 
platforms form vary significantly, not just regionally but locally as well. These variations 
make suggesting relationships between formative process and resulting morphology difficult. 
The dynamics of platform erosion such as wave energy and rock properties of a platform may 
vary for platforms located within metres of one another. The variation in wave energy 
reaching a platform will be influenced by things such as bathymetry differing significantly in 
a longshore direction in front of a platform (Marshall & Stephenson, 2011; Kennedy et al., 
2013). These variations in boundary conditions on a local scale are an explanation for the 
large variation in widths observed. The uncertainty of the relationship between wave 
exposure and width indicates that other factors such as geological control and rock resistance 
must be considered, and this will be discussed. 
Platforms ranged in width from 130 m at the widest down to 14 m at the narrowest. The 
widest platforms were observed on select headlands and are all exposed to constant wave 
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action from dominant swell directions (SE and E). Platforms at Catherine Hill Bay north – 
southern headland (Figure 4.4), Coalcliff north (Figure 4.9) and south (Figure 4.10), and Port 
Kembla southern headland – east (Figure 4.13), south (Figure 4.14), and south-west (Figure 
4.15) platforms are widest. Catherine Hill Bay has achieved the widest profile at almost 130 
m, Coalcliff north and south are at 98 and 106 m respectively, and the platforms for Port 
Kembla’s southern headland are all approximately 60 m.  
The narrowest platforms and their corresponding exposure to wave action produced mixed 
results. Generally, platforms within embayments, along straight sections of rock coast and 
areas with some degree of shelter to wave action were observed to be narrowest. Long Bay 
exhibits the narrowest profile at just above 14 m. Catherine Hill Bay north – northern 
headland (4.1), Maroubra headland north, La Perouse’s western platform and Bare Island are 
15-17 m. Catherine Hill Bay south – northern and middle headlands, Dee Why south, North 
Curl Curl north, Lurline Bay, Maroubra headland south – south-west, La Perouse western 
headland, Kurnell and Port Kembla south – north (Figure 4.12) are all also quite narrow at 
approximately 20 m.  
The correlation between width and exposure to wave action is weak, with many of the 
platforms mentioned forming at approximately 20 m wide located in areas exposed to 
constant wave action from dominant swell directions. This indicates that other factors are 
influencing platform width. Davies et al. (2006) suggested that rock resistance was an 
influential factor, with weaker rocks forming wider platforms. Trenhaile (1983) also 
proposed that platforms were formed widest on surfaces of lower resistance. This is an 
explanation for the consistently narrow platforms for the Sydney region. All platforms are 
composed of the same lithology, Hawkesbury sandstone, which is noted for its compressive 
strength, massive bedding and widely spaced joint planes; indicative of high resistance to 
erosion processes (Kennedy, 2010). The variation in lithology for Illawarra and Central coast 
sites (Table 3.1) and resulting variation in rock resistance is an explanation for the large 
differences in widths observed.  
In addition to rock strength, rock structure will influence a surfaces vulnerability to erosion 
by waves (Trenhaile, 2004). This phenomenon of geological control has been proposed to 
influence morphology (Dickson, 2006; Kennedy & Dickson, 2006) with a select few authors 
proposing influences on platform width (Kennedy, 2010; Kennedy et al., 2011). Kennedy et 
al. (2010) noted the capacity of jointing within bedrock to erosion rates, with marine 
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processes exploiting these existing planes of weakness (Figures 4.18 (E & F), 4.20). This 
phenomenon can be seen when viewing select sites in this study. Figure 4.21 of Coalcliff 
north and south platforms shows extensive jointing from the seaward edge extending into the 
intertidal zone, and for the southern platform reaching the backing cliff. These two platforms 
are 100 and 106 m wide respectively, among the widest platforms analysed. Other platforms 
of greater width such as those at Port Kembla’s southern headland (east, south and south-
west) are also observed exhibiting extensive jointing that extends into the intertidal zone.  
Figure 4.22 of Catherine Hill Bay south – northern headland is shown to exhibit jointing at 
the seaward edge, but the upper intertidal portion of the platform is relatively intact with 
minimal jointing. This platform is one of the narrower platforms analysed at approximately 
20 m. Other platforms of narrow width are also observed to be relatively intact or only 
exhibiting jointing at the seaward edge. The other narrow platforms in the Central Coast 
region, Catherine Hill Bay south – middle headland and Catherine Hill Bay north – northern 
headland were also observed to exhibit minimal jointing in the intertidal zone. The relatively 
narrow platforms of the Sydney region have been noted as being eroded along joint or 
bedding planes at the seaward edge (Kennedy, 2010), the aforementioned high resistance 
properties of lithology in this region is an explanation for the narrow widths.  
Platform widths analysed have been compared with slope as shown in Figure 4.24, the trend 
of wider platforms and sub-horizontal slope shows the platforms in which wave energy is 
higher than that of rock resistance properties. Platforms of steeper slope and narrow indicate 
other controls on morphology, such as rock resistance, which is observed to be a major 
influence of morphology for sites studied.  
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6.3 Platform Slope 
Platform slopes analysed in this study, like elevation and width, vary both locally and 
regionally. Platform slope generally increases with tidal range (Trenhaile & Layzell, 1981), 
with microtidal environments such as this one, being stated to produce slopes of 0.5 - 1.5 ° 
(Stephenson & Kirk, 2000a). The small tidal range of this study area is indicative of a 
concentration of wave energy within a narrow vertical zone, as such, is proposed to 
experience the greatest exposure, termed the tidal duration distribution factor (Trenhaile, 
1981; Carr & Graff, 1982). This concentration within a narrow vertical zone provides an 
explanation of the near horizontal form (type B, Sunamura, 1992) observed for a majority of 
sites. Platforms analysed show a general trend of sub-horizontal slope on headlands and areas 
exposed to wave action, whereas platforms steepened towards embayments, and this 
phenomenon has also been observed by So (1965) and Wood (1968). 
 A zero or positive slope has been stated to be reflective of the downwearing rate of a 
platform surface by wave energy (Sunamura, 1992), and this is observed when viewing 
positive or close to horizontal slopes for this study. The most well-formed sub-horizontal 
platforms are observed at Flat Island (Figure 4.6), Coalcliff north (Figure 4.9) and south 
(Figure 4.10) and Port Kembla’s southern headland east (Figure 4.13), south (4.14) and 
south-west (Figure 4.15). Near horizontal slope of these platforms indicates the intensity of 
wave action has been greater than resistance properties of the bedrock. Flagstaff Hill south,  
with a slope of 1.43 ° landward has the highest positive slope measured, and is observed as a 
heavily weathered surface across the entire platform (Figure 4.23(A)). The low elevation of 
approximately 1 m indicates it will almost constantly be exposed to marine erosion processes, 
with the southern orientation exposing it to dominant swell directions. The low elevation also 
indicates it will experience high amounts of overwash and sea spray from waves, meaning 
several wet-dry weathering cycles may occur as tidal stage changes. The high levels of 
weathering and erosion present are an explanation for the landward slope.  
A negative slope is indicative of factors other than wave action influencing morphology, as is 
observed for all platforms within the Sydney region. All platforms slope towards the sea at 
different degrees (Table 4.8), platforms at Lurline Bay (Figure 4.17), Bare Island (Figure 
4.27) , Malabar southern headland (figure 4.24) , Dee Why north (Figure 4.13) , and North 
Curl Curl south (Figure 4.16) all slope at more than 1.8 °. The likely explanation for this 
negative slope is the resistance properties of the lithology composing the shore platforms in 
this region (Hawkesbury sandstone). The resistant nature and observed jointing of platforms 
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only occurring at the seaward edge can be attributed to the steeper, as well as narrow form of 
these surfaces.  
Shore platforms are complex systems, with various processes operating at different spatial 
and temporal levels resulting in the morphology we see. Morphology varies significantly 
within small sections of coastline with similar boundary conditions, again highlighting a 
combination of processes and factors operating at different rates. Characteristics analysed for 
this study (elevation, slope and width) form as a result of the combined factors of wave 
intensity, rock strength as well as structure, weathering rates and tidal range (Trenhaile, 1987; 
Sunamura, 1991).  
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6.4 Morphological Exposure 
Morphological exposure is the relationship between elevation and front depth off a platform 
(Kennedy et al., 2013). The time and scope of this project made it difficult to quantify front 
depth at the seaward edge, but acknowledges this is an important factor. Front depth was 
measured in early stages of this study. A single beam hydrographic echo sounder, the 
CEEDUCER PRO™ (Figure 6.4) was utilised to calculate offshore bathymetry and front 
depth.  
      
Figure 6.4 - CEEDUCER. Transducer is shown above, with the sounder submerged below the surface 
transmitting sound pulses, the interval between emission and return of each pulse is recorded to give depth. 
The hydrographic survey recorded depth and position at 3479 points around the platform at 
Flagstaff Hill in Wollongong on the 9th of December 2015. The sounder used encountered 
problems when delineating between the ocean floor and masses of seaweed or sediment 
within the water column. It also gave a zero value if a certain speed was exceeded. These 
zero values, as well as outlier values given by an obstruction between the sounder and the 
ocean floor were reviewed and rejected to provide the most accurate representation of 
bathymetry. The survey points were uploaded to Microsoft Excel where apparent incorrect 
depths were corrected using the depths recorded at points before and after the incorrect value. 
The datum used for depth values was AHD, so there was also a need to adjust these values 
according to the tidal level. These depths (z value) corrected for tide, negative and outlier 
values were then added to ArcMap by their GPS location (x and y values) and are shown in 
Figure 6.5 
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Figure 6.5 – Tide, negative and outlier corrected hydrographic survey points.  
 
These points were extracted into a layer file, and an Inverse Difference Weighting (IDW) 
interpolation technique was used. Interpolation is a procedure used to predict cell values for 
locations that lack sampled points and is a good way to represent a continuous surface, as 
bathymetry is. This IDW was extracted into a raster surface which gave projected 
bathymetry. A polygon shapefile was then constructed around the seaward edge of the 
platform and clipped to the extent of the raster bathymetry layer so depth values 
corresponded to cells located offshore. The bathymetry is presented with a LiDAR derived 
Digital Elevation Model representing the platform elevation in Figure 6.6 
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Figure 6.6 – Flagstaff Hill bathymetry and Digital Elevation Model.  
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This bathymetry, however, has been interpolated, meaning it gives a prediction not the 
precise number of the values in adjacent cells. Quantifying bathymetry in the field is also 
costly and time consuming, especially considering analysis of large coastal regions. Ocean 
conditions were a factor, with the sounder only giving reliable results on days of minimal 
swell. Hydrographic surveys required getting in close in close proximity with rock coasts, 
which provides high levels of risk even on days of minimal swell. The CEEDUCER is also 
not waterproof, so if there was a chance of rain then a sounding survey was not possible. 
Acknowledging these factors, particularly the uncertainty of accuracy it was decided a 
morphological exposure index study was not possible with the scope and time of this project.  
This pilot study of quantifying front depth indicates it may not be an economically viable 
option for the large NSW coastline. It is recommended that further research into a 
morphological exposure index is pursued, as it is evident that a further understanding of wave 
interaction and transformation with a platform will play a role in classifying risk. The 
acquisition of Marine LiDAR for offshore bathymetry would be beneficial.  
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6.6 Risk 
The preliminary risk classifications presented in Chapter 5.4 uses platform elevation, tidal 
stage, and varying wave heights to present hazard levels of platform morphologies. It is 
demonstrated that, at higher tide levels the majority of platforms will experience high risk 
from wave impact. 
 Figure 5.2, Catherine Hill Bay north and Figure 5.5, Flat Island within the Central Coast 
region are of particular importance due to the aforementioned high number of drowning 
occurrences. Flat Island’s risk classification indicates that at high tide the majority of the 
platform surface is at risk from wave impact, this is due to the elevation reaching a maximum 
of 3 m. The width (50 m) and slope (0.03 °) of this platform suggest that in terms of 
morphodynamics it would be considered reflective of wave energy (Stephenson & Thornton 
2006; Marshall & Stephenson, 2011; and Ogawa et al. 2011). Furthermore platforms with 
morphology such as this have also been proposed to have an increased presence of 
infragravity waves (Marshall & Stephenson, 2011) indicating their capacity to efficiently 
transform wave energy across the platform upon impact. This reflective nature is indicative of 
higher risk, as the high amounts of incident wave energy and wave reflection from a backing 
cliff or slope will increase wave height and energy across a platform.  
Catherine Hill Bay’s northern set of platforms show a significant variation in elevation, 
ranging from 1-6 m indicating that even at HAT some surfaces will not be affected by wave 
action, and using this classification not at risk. Wave energy transformation across a platform, 
as well as in a longshore direction has been proposed to be influenced by offshore bathymetry 
(Marshall & Stephenson, 2011; Kennedy et al., 2013), and field measurements were not 
made. However, morphology analysed and research shore platform morphodynamics will 
give a better indication of risk. Catherine Hill Bay’s northern platforms not only vary in 
elevation, but width and slope significantly differs in a longshore direction. Platform widths 
range from 130 m for the southern headland, down to 15 m for the northern headland. 
Platform slope ranges from a positive of 0.5 ° for the southern headland to negative 1.14 ° for 
the northern headland. These varying morphologies will presumably transform and attenuate 
wave energy at different rates; steeper slope has been proposed to increase energy attenuation 
rates (Marshall & Stephenson, 2011), and narrow width has been found to increase wave 
energy transformation rates (Stephenson & Thornton, 2006). The wide and sub-horizontal 
southern headland will be viewed as reflective of wave energy, whereas the narrow steeper 
headland exhibits both dissipative and reflective morphology, indicating an intermediate 
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nature. Assuming these factors, the southern headland is likely to experience a higher amount 
of wave energy transformation across the platform, however, acknowledging the sheer width 
of the platform, it is suggested this platform will provide lower levels of risk, particularly at 
lower tides. The northern headland’s narrow width will increase wave transformation rates, 
whereas the relatively steep slope will increase wave attenuation rates. This platform could be 
proposed to experience high risk, as wave energy at impact will be transformed, but then 
quickly dissipated. This high energy process may pose great risk on shore platforms.  
 Platforms such as North Curl Curl (Figure 5.1) are backed by a cliff reaching upwards of 50 
m, as many of the platforms along straight sections of rock coast in the Sydney region do. 
This large backing cliff could be deemed particularly hazardous when viewing the large 
proportion of the platform affected by wave action at HAT. The Backing cliff means there is 
no easy way of escaping an oncoming wave. Furthermore shore platform morphodynamics 
suggests this narrow (20 m), steeper sloping (-1.66 °) platform is also of an intermediate 
nature and as proposed above, a large amount of incident wave energy may be transformed, 
but then rapidly dissipated. The large backing cliff is assumed to be extremely reflective of 
wave energy, creating a high energy and high risk environment.   
Modelling and analysis of wave hydrodynamics in various conditions on platforms would be 
beneficial, particularly during storms when there are higher amounts of energy. These events 
are likely to increase water depth upon a platform, which has been proposed to increase wave 
energy transformation (Marshall & Stephenson, 2011; Ogawa et al. 2011). Figures 5.9 and 
5.10 simulate the increased risk involved with these high energy wave conditions at the 
highest platform studied, Avoca Beach north at MSL. The classification shows that during 
these high energy wave conditions of 4-5 m wave height, the majority of the platform will 
experience wave impact. For a simulated 6-7 m wave height the entirety of the platform will 
be impacted by wave action, indicating these high energy wave conditions as posing the most 
risk for shore platforms. 
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6.6 LiDAR and Future Research of Morphology and Risk 
The use of LiDAR has revolutionised the way we study landscapes, rock coasts included. The 
potential of this technology to extract and analyse detailed information on rock coast 
morphology has been established (Kennedy et al. 2012, Swirad et al. 2016), with the potential 
to assess risks involved with rock coasts also becoming evident (Kennedy et al, 2014). The 
data used in this study further demonstrates the value of LiDAR for rapid assessment of 
morphology as a basis for risk analysis. Morphology characteristics of elevation, width and 
slope presented in chapter 4 provide, as explained in Chapter 5, a basis for assessing risk on 
shore platforms. 
High resolution LiDAR data analysis should not, however, substitute field investigations. 
Problems such as voids in LiDAR data can make analysis inaccurate as shown in Figure 3.5. 
As mentioned in Chapter 3, LiDAR data for this project was verified using field 
measurements to assure accuracy, and field measurements as well as observations were used 
to substitute these errors. The issue of delineating the shore platform seaward edge using GIS 
analysis has been analysed previously by Kennedy (2015), and the variations in which this 
point is used for analysis can provide a problem when comparing research. This analysis used 
the point in which active platform erosion at the seaward edge ceased as described by 
Kennedy (2015), for measurements of slope and width. However interpretation of this point 
may still vary, indicating that a further defined point recognised by researchers will benefit 
analysis.     
Investigations into drowning occurrences along rock coasts in Chapter 2 indicated 126 people 
have drowned in the last 6 years, accounting for almost 10% of all drownings per year in 
2014/15 (Table 2.1). Rock fishing is clearly the key demographic at risk, and is considered 
Australia’s deadliest sport (Campion, 2011). Some locations seem to pose a higher level of 
risk, such as a section of coastline near Catherine Hill Bay, in which 16 people have drowned 
in the last 8 years (Murray, 2015). The coronial inquest into nine rock fishing deaths by 
Forbes (2015), indicated that the majority of drownings occurred due to a platform being 
engulfed by a wave and sweeping the fishermen into the sea. Concluding that PPE, 
particularly life jackets were the best way to reduce risk, and further stating legislation for 
their mandatory use is in the best interest of the public. The NSW government announced 
early in 2016 that they would be introducing legislation towards this. SLSA (2012) stated that 
education and information on hazards, denial of access, improvement of infrastructure and 
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provision of warnings to hazards present, provision of supervision and the acquisition of 
survival skills were key factors to mitigate risk on rock coasts.  
It is also noted in Chapter 2 that incidences occurring on rock coasts that do not result in 
drowning often go unrecorded. Information surrounding the location and conditions of these 
incidences would provide further insight into risk. It is recommended that encouraging the 
public to inform coastal management, such as SLSA, of these incidences will provide an 
improved understanding of rocky coast hazards.  
Factors such as the implementation of laws for mandatory life jacket use, and better 
education on hazards are of importance, however, a better understanding of how these 
systems operate in terms of morphology and wave interaction will provide an unprecedented 
assessment of risk. The larger scale study “Rocky coasts: a framework for risk assessment in 
order to reduce drowning” and this study are working towards classifying coasts by 
morphology and wave action. Much like the way in which ABSAMP has been successfully 
implemented to mitigate risk involved with beaches, a similar model could be applied to rock 
coasts.  
The preliminary risk classification of this study in chapter 5.4 indicates that platform 
elevation and tidal stage will influence risk on a shore platform. Classifications show that at 
HAT (1.2 m) the majority of platforms, formed at an elevation of 0-1.5 m (Figure 4.16) will 
be at risk from wave impact. An average wave height of1.53 m (Trenaman & Short, 1987) 
was used with two 0.5 m increasing increments for classifying risk. However, a high energy 
wave occurrence event was also simulated, proposing a 4-5 and 6-7 m swell, at MSL (0.06 
m). Avoca Beach north was used as this platform has the highest elevation of platforms 
studied at 6 m. This simulation showed that majority of the platform surface was affected by 
wave action 4-5 m, and the entire platform surface was affected at 6-7m.  
By building on the research of Stephenson & Kirk (2000); Stephenson & Thornton (2005); 
Marshall & Stephenson; and Ogawa et al. (2011), a model of shore platform 
morphodynamics could be developed. This study considers the morphology analysed along 
with the tidal and elevation data to further classify risk. Dissipation of wave energy across a 
platform has been proposed to be a relationship between the degree of tidal inundation and 
slope, with inundation being determined by platform elevation (Marshall & Stephenson, 
2011; Ogawa et al. 2011). Width has also been proposed to have an effect on rate of energy 
transformation across a platform (Stephenson & Thornton, 2005). These varying 
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morphologies as mentioned above could be applied to a model like that of beach 
morphodynamics, with dissipative, reflective and intermediate energy interaction states. 
Further in depth investigations into morphology and wave energy interaction with shore 
platforms will provide an unprecedented way of classifying risk on shore platforms.  
 
6.5 Conclusions 
This study has shown the various platform morphologies of the central-southern coast of 
NSW and how these morphologies influence risk. Analysis of drowning occurrences along 
the NSW coastline indicated that the rate of drownings on rocky coasts is not declining, with 
almost 10% of drownings being attributed to rocky coasts in 2014/15 (RLSA, 2015). Rock 
fishermen are clearly the key demographic at risk, with the recent high numbers of drownings 
leading to an Inquest undertaken by the NSW Coroners Court into the deaths of nine rock 
fishermen between 2012 and 2015 (Forbes, 2015). The Inquest concluded that waves posed 
the most risk to rock fishermen, and that the introduction of legislation stating the mandatory 
use of life jackets was in the best interest of the general public’s safety. Through analysis of 
drowning occurrences, areas such as the aforementioned stretch of coastline near Catherine 
Hill Bay, in which 16 drownings have occurred in 8, years were deemed higher risk. These 
platforms of higher risk formed the basis of morphological analysis, in order to suggest why 
these platforms have increased risk. 
The morphological parameters analysed, of platform elevation width and slope show a degree 
of correlation with exposure to wave action. However, it is concluded that rock properties, 
particularly structure, appear to be the major control for the majority of sites studied. Rock 
structure as well as lithology will influence the rate in which wave action as well as subaerial 
weathering will erode a platform. Relict surfaces in Sydney that are slightly higher in 
elevation are indicative of inherited features from previous higher sea stands. The large 
variation in morphology within similar boundary conditions highlights the various processes 
controlling erosion rates and shaping resulting morphology. The various morphologies of 
platforms were analysed in terms of platform elevation, tide and wave action and used as a 
basis to produce a preliminary risk classification. The classification indicates that risk will 
increase with tidal stage and wave height, and this classification, although preliminary this 
classification has potential for assessing hazards involved with rocky coasts.   
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The amount of wave energy impacting upon, as well transforming across a platform will also 
influence risk. Shore platform morphodynamics indicate that a platforms slope, width and 
tidal inundation will determine how wave energy interacts with a platform. Sub-horizontal, 
narrow platforms are considered to be reflective of wave energy, indicating that wave height 
will be increased upon a platform, providing high levels of risk. Wide, sloping platforms are 
considered to be dissipative of wave energy and are suggested to pose less risk. Morphology 
analysed for this study shows many that platforms exhibit both dissipative and reflective 
characteristics, these intermediate states of wave energy interaction may perhaps pose greater 
risk than dissipative or reflective morphologies. A platform with steeper slope and narrow 
width is proposed to experience a high amount of energy transfer from the incident wave, but 
energy may subsequently rapidly dissipate. This high energy wave interaction will provide 
significant levels of risk. Wave energy interaction with a platform will undoubtedly be 
influenced in some way by nearshore bathymetry, which along rock coasts is stated to vary 
significantly in a longshore direction (Marshall & Stephenson, 2011; Kennedy et al., 2013). 
Quantifying this variation in wave energy interaction with shore platforms will allow for 
more accurate classification of risk. 
 Not all aspects of morphology have been considered primarily due to time constraints and 
lack of wave data, so therefore all aspects of risk are not addressed. Platform width and slope 
and the possible risk these factors pose is theorised, but not measured, the measurement of 
these parameters influence on wave energy will provide researchers with a clearer 
understanding of the hazards various morphologies will pose. This study provides further 
insight into the interaction between shore platform morphology, wave action and level of 
risk. Further research of shore platform morphodynamics, is recommended to further refine 
an index for classifying risk on rock coasts.  
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Appendix 1 
 
Profile graphs and histograms constructed from LiDAR derived elevation data. 
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Appendices 2 
 
Histograms of platform elevation by region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
166 
 
Central Coast 
 
 
 
167 
 
 
Sydney 
 
 
 
168 
 
 
Illawarra 
 
 
 
169 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
